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INTRODUCTION 
Collection and analysis of physiological data requires 
many hours of tedious hand measurements and calculations of 
recorded parameters. A computer will reduce this time by 
converting analog voltages generated from the transducers 
corresponding to pressures, flows, and volumes to digital 
values. Analysis can be aided by using the computer's speed 
for calculation of derived endpolnts. One goal of this 
project was to design and Implement a computer program 
written In BASIC on a microcomputer to provide on-line 
analog-to-dlgltal conversion and analysis of physiological 
data. 
The second goal of this project involved the study of 
the effects of organic solvents on the cardiopulmonary 
system. The effects of short term (two hour) exposures to 
vapors of ethanol, acetone, and toluene were studied. The 
acute exposure was at higher levels of these vapors than are 
allowed in the workplace, but less than levels seen in cases 
of solvent abuse. 
Changes in mechanical parameters such as dynamic lung 
compliance and pulmonary resistance are difficult to assess 
on anesthetized, passively breathing animals. A third goal 
of this project was to evaluate the ability to detect small 
changes in these parameters by using a technique of 
increasing the inspiratory airway resistance. 
The fourth goal of this study was to determine the 
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interaction of the inhaled solvents with the alveolar lining 
material (ALM). Since the ALM is primarily phospholipid, 
exposure to these lipid solvents could cause a change in the 
physiological function of the ALM. 
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LITERATURE REVIEW 
This project is an investigation of the effects of 
inhaled solvent vapors on the respiratory and 
cardiovascular system. The solvent vapors of ethanol, 
acetone, and toluene, which were chosen for this study, are 
encountered in the real world in many situations. Ethanol 
is ingested as a recreational mood altering substance, and 
one of the pathways of ethanol elimination is through the 
respiratory system. This pathway is the basis for the 
"breathalyzer" assessment of blood alcohol levels in 
j urisprudence. 
Toluene and acetone are solvents that are found in 
glues and other adhesives. Some of these adhesives are 
abused in the practice of "glue sniffing". The "high" that 
accompanies glue sniffing is due to the intoxicating 
properties of both toluene and acetone. Several industrial 
processes also utilize toluene and acetone, which raises 
the possibility of worker exposure on the job. Finally, 
all three solvents are used in scientific areas such as 
scintillation cocktails and tissue preparation, again 
raising the possibility of exposure at work. 
The toxic effects of these three substances have been 
extensively assessed in terms of neurological and long term 
pulmonary damage (Aranyi et al., 1985, Carpenter et al., 
1976, Hayden et al., 1977), as well as damage to other 
organ systems. There are established standards regarding 
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permissible levels of these solvents in the work place. 
The permissible levels, or Threshold Limit Values (TLV), 
are 200 ppm (750 mg/cubic meter) for toluene, 1000 ppm 
(2400 mg/cubic meter) for acetone, and 1000 ppm (1900 
mg/cubic meter) for ethanol (American conference of 
Governmental Industrial Hygienists, 1971). These levels 
have been shown to cause a minimum of acute or long term 
effects. Standards in the U.S.S.R. and Czechoslovakia are 
more restrictive. 
Ethanol 
Ethanol abuse has been associated with several 
derangements in lung function by several authors. Banner 
(1973) studied the pulmonary function of patients admitted 
to an alcohol detoxification center. He found decreases in 
lung volumes, abnormal airflow patterns, and reduced 
diffusion capacity. Emergil and Sobol (1974) conducted a 
similar study and reported essentially the same results. A 
subsequent study by Emergil et al. (1977) on former 
alcoholics, found that the characteristic pattern of 
pulmonary changes persisted after cessation of alcohol 
consumption with the exception of the decrease in diffusion 
capacity. 
Other authors have published conflicting results. 
Cohen et al. (1980) studied pulmonary function in over 2500 
subjects and concluded that alcohol consumption had little 
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direct effect on the development of pulmonary disease. 
Sarkar and Gupta (1980) studied 10 chronic alcoholics who 
were non-smokers and had no history of pulmonary disease. 
They found all measured parameters to be within the normal 
limits. 
Coon et al. (1970) exposed rats, guinea pigs, rabbits, 
monkeys, and dogs to low levels of ethanol vapors, 86 
mg/cubic meter. They observed no deaths or signs of 
toxicity after 90 days of continuous exposure in any of the 
species studied. Histopathologic examination of the lung 
revealed no changes that were considered chemically 
induced. 
Moser and Balster (1985) exposed rats to much greater 
concentrations of ethanol vapors, ranging from 40,000 to 
60,000 ppm. They also limited the exposure time to no more 
than 60 minutes. They found that even at higher levels, 
ethanol inhalation was not lethal. 
Oral alcohol has been shown to effect the 
cardiovascular system. Markiewicz and Cholewa (1982) 
demonstrated that ethanol ingestion altered the circulatory 
adaptation to exercise. Toda et al. (1983) investigated 
the effects of ethanol and acetaldehyde on arterial smooth 
muscle. They found that ethanol demonstrated 
vasoconstrictor properties in several vascular beds. 
Furthurmore, they stated that the ethanol effects were not 
mediated by the alpha-adrenergic, serotonergic, muscarinic, 
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hlstamlnerglc, or prostaglandin related mechanisms. 
Kettunen et al. (1983), measured systemic and pulmonary 
hemodynamics in anesthetized dogs. They administered 
ethanol intragastrically to give blood concentrations of 
0.5 to 2.0 mg/ml. At these levels, ethanol caused an 
increase in pulmonary vascular resistance and a decrease in 
systemic vascular resistance. 
Acetone 
DiVincenzo et al. (1973) exposed humans and dogs to 
acetone vapors. The exposure levels for men were 100 and 
500 ppm. Dogs were exposed to 100, 500, and 1000 ppm. It 
was determined that acetone elimination from the blood 
follows zero-order kinetics, as does ethanol. The half-
life for acetone in the blood following two hours of 
exposure at rest was determined to be three hours. 
Exercise increased the amount of acetone absorbed into the 
blood, primarily by increasing the respiratory rate rather 
than by increased cardiac output. Dogs were found to 
absorb nearly five times as much acetone than man at a 
specific exposure level on a per kilogram basis. Acetone 
elimination curves were not the same as those observed for 
humans, but the half-life for acetone was approximately the 
same. 
Bruckner and Peterson (1981a) studied the pharmacology 
and pharmacodynamics of acetone and toluene in mice and 
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rats. They exposed animals to levels ranging from 12,600 
ppm to 50,600 ppm of acetone. They found that acetone 
levels after a three hour exposure were higher in the blood 
than in the brain. They determined that the lethal 
concentration that killed SO percent of the test animals 
(LC50) for acetone was 55,700 ppm as compared to 8600 for 
toluene. They also confirmed reports of others that 
acetone was eliminated more slowly than toluene from the 
blood. 
A second study by the Bruckner and Peterson (1981b) 
investigated the toxicology associated with exposure to 
acetone and toluene. Exposure to acetone levels of 19,000 
ppm for three hours daily for eight weeks caused depression 
of body weight gain. There were no pathological changes in 
the lungs of the solvent exposed rats. No evidence of 
elevated lung fluid content or histological evidence of 
lung exudates were observed in either the acetone or 
toluene exposed animals. 
Toluene 
Toluene is a potent lipophillic organic solvent. 
Bruckner and Peterson (1981a) exposed mice and rats to 
levels of toluene ranging from 2,600 to 12,000 ppm. Blood 
levels of toluene were dependent on the concentration that 
was inhaled by the animals. Toluene distributed itself in 
the liver, brain, and blood in that order. The authors 
found that toluene had a rapid and potent narcotic effect 
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on the experimental animals. Inhalation of 12,600 ppm for 
5 minutes lead to marked CNS depression. 
A second study by Bruckner and Peterson (1981b) 
examined the toxicology of toluene inhalation. Acute 
exposures to toluene vapors at 4,000 ppm for 3 hours showed 
some evidence of toxic injury. Measured values for serum 
glutamyl-ornithine transferase activity increased to twice 
control values 24 hours post exposure. The elevated values 
returned to normal by 36 hours post exposure, indicating 
that any damage was slight and readily reversible. No 
evidence of any pulmonary injury was reported. 
Benignus et al. (1981) measured the levels of toluene in 
the blood and brain tissue of rats exposed to 575 ppm of 
toluene. They were.interested in the rates of accumulation 
and excretion after cessation of exposure. They found that 
the levels in the brain and blood rose at approximately the 
same rate during exposure. 
Pyykko et al. (1977) in an earlier study, measured the 
uptake, distribution and elimination of toluene in rats 
after inhalation. They found that toluene was distributed to 
most tissues, except for white fat, within 15-30 minutes. 
Absorption after oral administration was much slower, on the 
order of three hours after initial dosage. 
Carpenter et al. (1976) studied the effects of toluene 
vapors on humans and animals. Physiological effects that 
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were noted included lacrimation and head tremors. 
Extremely high levels in the range of 44,000 ppm caused 
anesthesia, convulsions, and death. A few of the rats that 
succumbed to these high levels showed some lung congestion, 
but no other gross pathological changes were noted. 
Microscopic examination of lung tissues of rats exposed to 
short term, high level (45,000 ppm) toluene vapor 
concentrations revealed no lesions in the bronchi, trachea, 
or remainder of the lung. Human subjects reported sensory 
threshold levels around 480 ppm. Subjects reported 
transient nasal and throat irritation at 980 ppm. 
Garriott et al. (1981) reported measurements of blood 
and breath levels of toluene, in cases of solvent abuse. 
Concentrations of 9.8 to 31.2 mg/1 were found in prison 
inmates who were habitual abusers of toluene. The 
blood:breath ratio was determined to be 18:2 in one of the 
subjects. 
Hayden et al. (1977) reviewed the toxicologic effects 
of toluene. They were cardiac arrhythmias (from sinus 
bradycardia to ventricular fibrillation), hepatotoxicity, 
and kidney disfunction. They concluded that there was 
little firm evidence that toluene exerts a specific toxic 
effect on any specific organ system. 
Solvent abuse has only recently been associated with 
pulmonary abnormalities. Schikler et al. (1984) measured 
pulmonary function parameters on 42 solvent abusers and 
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found that they showed a higher residual volume than 
normals. Lung tissue that was studied studied had changes 
associated with panlobar emphysema, which agreed with the 
observed functional changes. 
Inspiratory loading 
Wiley and Zechman (1965) studied the responses of dogs 
to the imposition of inspiratory resistance. They measured 
the respiratory mechanics and diaphragm electromyograms of 
anesthetized dogs while adding three levels of inspiratory 
flow resistance. They found that the initial breaths 
following the step change in resistance had increased 
inspiratory time, increased intrathoracic pressure 
amplitudes, increased diaphragm activity, and increased 
inspiratory work. Subsequent breaths demonstrated a 
further increase in inspiratory work which peaked at one 
minute after the initial loaded breath. The authors 
attributed the immediate change in breathing patterns to 
neural mechanisms operating to adjust respiration to the 
imposed load. The following increases in inspiratory work 
were attributed to a secondary chemical drive that 
increased respiratory drive as blood gas parameters changed 
due to decreased alveolar minute ventilation. 
In a subsequent paper, Wiley and Zechman (1968-1969) 
studied components of the physiological response to an 
applied inspiratory resistance in the anesthetized cat. 
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They measured the initial neural component and subsequent 
chemical drive that eventually establishes a new 
respiratory pattern in response to a step change in 
inspiratory resistance. They found that an imposed 
resistance caused a reduction of alveolar ventilation with 
a prolongation of inspiratory time. Blood gas values were 
measured and showed that while the resistance was imposed, 
there were decreases in arterial oxygen conçentrations and 
increases in the level of arterial carbon dioxide. 
Inspiratory work was shown to gradually increase after the 
resistance was imposed. The gradual increase in 
inspiratory work was attributed to four possible 
mechanisms: 1) the intrinsic behavior of the muscle, 2) a 
reflex increase in inspiratory neuron activity, 3) 
recruitment of additional motor units, and 4) a combination 
of the above factors. 
Whitelaw et al. (1976) studied the adaptation of 
anesthetized humans to an inspiratory load. They used a 
re-breathing technique to ensure that the chemical drive 
component did not influence the respiratory pattern 
following occlusion. They found that continuous loading 
resulted in no changes in the tidal volume or frequency of 
respiration when compared to unloaded breaths. They 
further found that anesthesia abolished the increase in 
occlusion pressure that is seen in conscious breathing when 
a inspiratory load is imposed. They did see a prolongation 
12 
Of inspiratory time during occlusion. One explanation for 
this prolongation was that mechanical time constant of 
the respiratory system they were using. They also stated 
that the Hering-Breuer reflex might be responsible for some 
of the observed effects. 
Abbrecht et al. (1983) measured the relationships 
between respiratory rate, respiratory drive, and 
inspiratory flow resistance or inspiratory load. The 
authors measured four variables that could be involved in 
the adjustments that the system makes for additional 
inspiratory loads. They found that patients afflicted with 
obstructive sleep apnea showed little response to increased 
inspiratory loading, leading to significantly decreased 
ventilation during loading. 
Zocchi et al. (1984) investigated the effects of 
resistive loading on work of respiration in anesthetized 
cats. They found that introduction of graded increases in 
inspiratory resistance resulted in compensatory increases 
in inspiratory time. The result was that the total work 
rates remained relatively constant. They attributed the 
stability to the ability of the respiratory system to 
respond to an "optimal work load". Additionally, during 
loaded inspiration, the contraction of the respiratory 
muscles "stiffen" the thorax of the cat and enhance the 
force-length relationships of the respiratory muscles. The 
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Herlng-Breuer reflex was also cited as an important reflex 
mechanism. 
Mengeot et al. (1985) studied the effects of mechanical 
loading on the separate contribution of the diaphragm and 
rib cage musculature to inspiration. They also measured 
the displacements of the rib cage and abdomen to measure 
how the separate groups of muscles affected the two 
compartments. They found that inspiratory loading caused 
recruitment of the abdominal muscles and alteration in the 
activation patterns of the two groups of muscles. 
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Recruitment of the abdominal muscles increased the 
stiffness of the abdomen which led to an increase in tidal 
volume. 
Surfactant 
The origin, composition and function of the alveolar 
surfactant lining layer has been reviewed by several 
authors (George and Hook, 1984, Rooney 1984, and Rooney, 
1985). The alveolar lining material (ALM) is secreted by 
the type II alveolar cells within the individual alveoli. 
It is composed of a mixture of phospholipids, proteins and 
carbohydrates. The primary function of surfactant is to 
reduce the surface tension at the air-liquid interface 
within the alveoli. Without the presence of surfactant, it 
would be impossible to inflate alveoli of small diameter. 
An excellent review of the relationships between the 
alveolar surfactant, lung stability, lung volume, and lung 
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parenchymal elastic properties has been provided by Smith 
and Stamenovic (1986a, 1986b, 1986c). 
George and Hook (1984) emphasized the importance of the 
ALM in cases of toxicological damage to the lungs. Toxic 
agents can either damage the cells responsible for 
production of ALM or directly alter the composition of ALM 
itself, possibly leading to an alteration of ALM function. 
The authors cited several studies that demonstrated how 
exposure to substances such as asbestos could increase the 
amount of ALM harvested dramatically. Cited causes for 
decreases in ALM levels included exposure to radiation and 
cigarette smoke. 
Rooney (1984) also reviewed some causes for alteration 
in ALM production. The author cited exposure to ozone and 
hyperoxia as causes of decreased surfactant. Inhalation of 
chemicals such a gasoline, trichloroethylene or carbon 
tetrachloride were also noted as causes for decreased ALM. 
Petty et al. (1977) measured the characteristics of a 
human patient with adult respiratory disease syndrome 
(ARBS) secondary to traumatic shock. They found that the 
normal composition of the ALM was altered and that the 
behavior of the film was changed, indicating conditions of 
increased surface tension within the lungs. In this case 
they attributed most of the changes to the incorporation of 
serum proteins into the surface film, forming abnormal 
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1ipid-protein aggregates. The authors felt that this 
change in ALM function was associated with acute lung 
injury and ARDS, and not a consequence of any of the 
therapeutic measures that were used on their patient. 
A possible consequence of increased surface tension 
within the lung is pulmonary edema. Albert et al. (1979) 
found that experimentally produced decreases in surface 
tension caused increases in the pressure required to 
maintain normal lung volumes and fluid transudation into 
the alveolar spaces. 
Ryan et al. (1981) used an experimental model of lung 
injury, a subcutaneous injection of N-nitroso-N-
methylurethane. This causes a condition of acute alveolar 
injury by damaging the alveolar lining cells. The injured 
lungs demonstrate a decrease in lung compliance and lung 
volumes. Measurement of ALM material collected from these 
animals revealed a decrease in the quantity of 
phosphatidylcholine and disaturated phosphatidylcholine. 
The authors stated that these decreases were due to the 
loss of alveolar lining cells which manufacture and release 
these substances. 
Battle et al. (1972) studied effects of several 
substances on lung surfactant in vitro. They were primarily 
interested on the effects of several anesthetic vapors on 
ALM. The authors studied the stability of bubbles obtained 
from the lung when exposed to ether, chloroform, halothane. 
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epoxypropane, bromine, cyclohexane, n-pentane, and 
trichlorotrifluoroethane. They found that organic vapors 
completely destabilized the bubbles. Other non-organic 
chemicals had a lesser effect on bubble stability. A second 
set of experiments on excised lungs and a third on live 
animals tended to support the results noted in the bubble 
studies. They concluded that the action of these substances 
on ALM was due to a physical action of the substance on the 
film rather than a chemical alteration of the film itself. 
Le Mesurier et al. (1979) studied the effects of 
inhalation of gasoline vapors on the secretion of ALM. 
They exposed dogs to low concentrations (100 ppm) of the 
vapors for prolonged periods. They collected ALM by serial 
bronchial lung lavage. The production of ALM was decreased 
by vapor exposure with the lowest yield after 15 days of 
exposure. Thin layer chromatography revealed no alteration 
in the phosphlipid composition of the collected ALM. The 
reduction of the amounts of ALM collected was attributed to 
damage to the cells lining the alveoli. 
Shimasaki et al. (1976) studied the effects of ozone 
exposure on the composition of ALM. They found that ozone 
caused changes in the fatty acid saturation of 
phosphatidylcholine. Arachidonic and linoleic acids were 
elevated indicating that ozone had an effect on the lipid 
enzyme systems. 
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Krlshnan and Ramakrlshnan (1972) fed rats a 30% aqueous 
ethanol solution for 8 weeks. They found that the ethanol 
fed rats had lung extracts with significantly decreased 
surface activity. The extracts harvested from the alcohol 
fed rats also had less phospholipid. 
Computer data aquisition 
Data aquisition and analysis can be carried out using a 
computer or using the traditional methods of recording a 
signal on paper then returning to count peaks, determine 
averages, convert deflections to pressures and flows, then 
completing the process by using the derived values in 
furthur calculations. A complete discussion of all the 
techniques used to digitally sample an analog signal would 
be inappropriate here. Articles by Chlond and Hitchings 
(1983), Wyss (1984), and Englemann and Abraham (1984), 
introduce some of the requirements for using a personal 
computer for data aquisition and analysis. For accurate 
analysis, the system must be able to sample the signals at 
a frequency that will allow accurate reproduction of the 
waveform. The system must also have adequate digital 
resolution to prevent errors in subsequent calculation. 
Actual processing of the signal will often be accomplished 
using algorithms that have been developed for the analysis 
of waveforms drawn by pen on paper. 
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MATERIALS AND METHODS 
Fifty adult mongrel dogs weighing from 40 to 60 lbs 
were used in this study. They were all obtained from 
Laboratory Animal Resources, College of Veterinary 
Medicine, Iowa State University, Ames, lA. The dogs were 
screened for the presence of heartworm by the direct 
method. The dogs that were negative were further tested 
with an ELIZA test kit (Canine Antigen Test Kit, 
Mallinkrodt, Inc.) to ensure that no animals were used with 
possible pulmonary complications due to heartworm 
infection. The dogs were randomly divided into four 
experimental groups. The groups were designated as: 
control, ethanol, acetone, and toluene. 
The animals were anesthetized with an intravenous 
injection of sodium pentobarbital (30 mg/kg) (Fort Dodge 
Laboratories, Inc.). They were then immediately intubated 
with a 10 mm I.D. endotracheal tube (Aire Cuf, Bivona 
Surgical) and placed in dorsal recumbency on a heated thermal 
pad (Aguamatic K Module, model K-20-F, American Medical 
Systems) to prevent hypothermia. A six (6) cm incision was 
made in the left femoral triangle. The femoral artery and 
femoral vein were isolated for cannulation. 
A Swan-Ganz double-lumen thermodilution catheter (model 
93A-131-7F, Edwards Laboratories, Inc.) was used for both 
the femoral artery and femoral vein cannulations. One 
catheter was introduced into the femoral vein and advanced 
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through the right atrium and right ventricle and inserted 
into the pulmonary artery. The distal port of this 
catheter was connected to a pressure transducer (Statham 
P23Db). The pulmonary arterial pressure wave form was used 
to verify the position of the catheter. This catheter was 
used for recording pressure changes in the pulmonary artery 
and for measuring cardiac output using the thermodilution 
technique. 
A second Swan-Ganz catheter was inserted into the 
femoral artery and advanced until the tip was positioned in 
the left ventricle. The distal port of this catheter was 
connected to a pressure transducer (Statham P23Cb) and 
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used to measure changes in left ventricular pressure. The 
proximal port of the catheter, 30 cm from the tip, was 
connected to a third pressure transducer (Statham P23Db) 
and used to measure aortic pressure. 
An open-ended water filled cannula fitted within a 
stomach feeding tube was inserted into the esophagus. The 
cannula was attached to a pressure transducer (Statham 
P23Db) and the wave form was used to position the catheter. 
The position of this esophageal catheter was optimal when 
there was a slight "positive" deflection of the pressure 
trace above the baseline pressure during expiration and 
when there were minimal artifacts caused by pressure waves 
generated by the heart. The changes in esophageal pressure 
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were used as a measure of the changes in the intrapleural 
pressure during the respiratory cycle. 
The endotracheal tube was attached to a heated Fleisch 
pneumotach (# 1). The pneumotach was in turn connected to 
a differential pressure transducer (Statham PM5). The 
pneumotach measured the inspiratory and expiratory airflow 
rates. The signals from the pneumotach were integrated 
electrically to give a measure of the volumes of air 
inspired and expired. 
The pneumotach was connected to a one-way Rudolph valve 
(model 1400) to separate the inspired and expired air. The 
expired air was directed through large diameter (18 mm) 
tubing to an exhaust hood to prevent human exposure to the 
test vapors. 
The inspiratory gas mixtures were generated by 
directing a constant flow (8-15 L/min) of room air through 
an anesthetic vaporizer. This air was then carried to a 10 
rebreathing bag and connected to the inspiratory resistance 
device which was connected to the inspiratory side of the 
Rudolph valve. The rationale for this arrangement was to 
minimize the resistance to inspiratory airflow that could be 
imposed by the vaporizer and tubing. 
Respired gases were continuously sampled between the 
pneumotach and the Rudolph valve. These samples were 
measured by an oxygen analyzer (Beckman OM-11 Oxygen 
Analyzer) and a carbon dioxide analyzer (Beckman LB-2 
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Medical Gas Analyzer) to provide information on the 
concentrations of the respective gases in the inspired and 
expired air. 
All these signals were recorded on a eight channel 
Beckman R-411 dynograph recorder. The parameters recorded 
on each channel and type of coupler used for each channel 
were: 
Parameter 
esophageal pressure 
airflow 
integrated airflow 
integrator 
left ventricular 
pressure 
pulmonary artery 
pressure 
aortic pressure 
oxygen concentration 
carbon dioxide 
concentration 
Coupler Type 
9803 strain gauge 
9803 strain gauge 
98738 resetting 
9853A 
voltage/pulse/pressure 
9853A 
voltage/pulse/pressure 
9853A 
voltage/pulse/pressure 
9806A A C coupler 
9806A A C coupler 
Experimental protocol 
After all the cannulations were completed, the 
physiological parameters of the animals were allowed to 
stabilize for approximately 30 min. During this period, 
the recording equipment and sampling apparatus were tested 
and calibrated. The experiment began once the animal was 
physiologically stable and the equipment was functioning 
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satisfactorily. 
The exposure levels chosen for this experiment were 
considerably higher than the TLV established for humans. 
The level for toluene was approximately 2900-3200 mg/cubic 
meter or approximately 3.9 to 4.3 times TLV. Acetone was 
also given at 2900-3200 mg/cubic meter, but since the TLV 
for acetone is higher (1000 ppm), was 1.2 to 1.3 times TLV. 
Ethanol was given at 5800-6000 mg/cubic meter or 3.1 to 3.2 
times TLV. These levels were chosen based on the ability 
of the equipment to vaporize the solvent of interest and 
the immediate observable toxicity of trial levels given in 
pilot studies. The level of ethanol exposure was also 
tested on the basis of blood alcohol levels that resulted 
from vapor inhalation. 
The procedure was divided into eight time periods, TO 
through T7. TO was the initial, or control period. At 
each time period a standard sequence of recordings were 
completed: First, lung mechanics; second, cardiovascular 
parameters; third, lung mechanics during a condition of an 
imposed inspiratory resistance; fourth, measurement of 
cardiac output (no inspiratory loading); and fifth, 
measurement of respiratory gas exchange (no inspiratory 
loading). After the TO recordings were completed, the 
vaporizer was turned on and the rebreathing bag flushed 
with the vaporized substance. Thereafter, at 20 minute 
23 
intervals, the sequence of recordings was repeated for each 
to the time periods from T1 to T6. The vaporizer remained 
on until after the T6 recordings were complete. At that 
time the vaporizer was turned off and the rebreathing bag 
flushed with room air. A 30 minute interval elapsed before 
the final set of recordings was completed at T7. 
Collection of alveolar lavage 
After the last physiological recordings at T7, the dogs 
were terminated, alveolar lining material (ALM) was 
collected by lavage, and tissues were collected for 
histopathology. The dogs chests were opened by midline 
sternotomy. The trachea was clamped to prevent introduction 
of blood into the airway. The lungs and heart were then 
removed as a unit. Great care was taken not to damage the 
lung tissues during removal. A number 6 endotracheal tube 
was inserted into a lobe of the lung, securely fastened in 
place and the balloon inflated. Aliguots of normal saline 
(100-150 ml) were introduced and allowed to drain back out 
into a collection vessel until at least 400 ml of alveolar 
washings had been collected. Care was taken not to over-
inflate the lung lobes. Perfusion pressure was regulated by 
adjusting the height of the perfusion resivoir and never 
exceeded 30 cm H2O. Collected lavage samples were 
immediately refrigerated. 
The ALM samples were prepared for high performance liquid 
chromatography (HPLC) analysis by centrifugation, washing and 
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lyophilizatlon. Samples were centrifugea once at low speed 
(2000 rpm, approximately 300 g) for 15-20 min to remove the 
larger debris found in the airways. The supernatant was then 
centrifuged at higher speeds (20,000 rpm, approximately 
35,000 g) for 60 min to concentrate the lining material. The 
pellets were resuspended in approximately 30 ml of double 
distilled water and centrifuged again (20,000 rpm) for 60 
min. This final pellet was resuspended in 5 ml of double 
distilled water and the sample was frozen until it was 
lyophilized. 
Lyophilization was performed when several samples had 
accumulated. The thawed sample was washed into a 
lyophilization beaker with distilled water. After the 
beaker was capped, the sample was frozen to the beaker 
walls by rotating the beaker in a pan of acetone and dry 
ice. When the sample was completely frozen, the beaker was 
connected to the lyophilizer where it and lyophilized to 
dryness. The lyophilized sample was removed from the beaker 
into scintillation vials which were then stored in a 
desiccator until extraction. 
Lipid extraction was performed according to method of 
Bligh and Dyer (1959). A portion of the sample, 
approximately 10 mg, was weighed and placed in a screw 
topped test tube. Then 10 ml of a 2:1 solution of 
chloroform and methanol was added to the tube. Next, 2.5 
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ml of 0.74% KCL was added. The tube was capped and 
vortexed. After centrlfugatlon (300 * g) the top layer and 
white interface were removed and discarded. The bottom 
layer was decanted into another screw top test tube, 
allowing any residue to collect along the sides of the 
first tube. If the decanted liquid was not clear, it was 
centrifuged again. 
The tube was then placed in a water bath set at 64 
degrees centigrade. The samples were evaporated under 
nitrogen gas until completely dried. Vials were stored in 
a freezer (-4 C°) until just prior to analysis. 
The procedures used for HPLC analysis are modifications 
of those of Kaduce et al. (1983). At the time of analysis, 
the vials were reconstituted with a 5:4:1 mixture of 
chloroform, methanol, and hexane. The volume of the 
mixture was adjusted to give a concentration of 20 mg per 
ml. Twenty microliters of this mixture was then injected 
for analysis (Perkin Elmer, Series 3B Liquid 
Chromatograph). 
The HPLC mobile phase was a mixture af acetonitrile, 
methanol and sulfuric acid in a ratio of 100:4.0:0.05, 
respectively. The column (Beckman, Ultrasphere - Si) had a 
partical size of five microns, internal diameter of 4.6 mm, 
and length of 25 cm. The detector (Perkin Elmer, LC 75 
Spectrophotometric Detector) was set at 202 nm. Flow rate 
was either 2.5 or 3.0 ml per min. Pressure on the column 
26 
varied from 7.5 to 12.5 mPa (1080 - 1800 PSIG) depending on 
flow rate. 
The strip chart recorder (Soltec 1242) sensitivity was 
set at 20 mV (full scale), and the chart speed at 30 mm per 
minute. After the phosphatidylcholine (PC) peak was 
recorded, the sensitivity was changed to 5 mv. After the 
Lysophosphocholine (LPC) peak was recorded, the chart speed was 
reduced to 10 mm per min until approximately 23 minutes after 
the initial injection. This allowed enough time for any 
possible sphingomyelin (SPH) to be eluted from the column. 
The retention times (in minutes) for the tested phospholipids 
were: PG (1.6), PI (2.4), PS (2.7), PE (3.3), PC (5.0), LPC 
(7.8), and SPH (13-18.0). 
Peak areas were calculated using an analog planimeter. 
Mixtures of phospholipids (Sigma Chemical Company) in known 
concentrations were used as standards for the elution 
areas. The measured areas for these standard 
concentrations were then used to convert the sample areas 
to milligrams of PPL. The percent of each PPL compared to 
the total amount present was calculated and used for 
statistical analysis by Student's T-test. 
Tissue collection 
Tissues were collected for histological analysis after 
alveolar lavage. One small lobe of the lung was selected 
from the non-lavaged portion and removed. A small three-
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way valve was Inserted into an airway and tied in place. The 
lobe was then insufflated with solution of 10% formalin at a 
pressure of less than 20 cm of water. The tissue was later 
sectioned and stained for evaluation. 
Computer samplinq 
An important part of this project was the design and 
implementation of a system for computer assisted data 
aguisition and analysis. Initial efforts utilized a 
Commodore 64 microcomputer. Because of the length of the 
programs and the amount of the data aguired, it became 
necessary to upgrade to a Commodore 128 microcomputer. The 
other components of the computer system included: a 
Commodore 1571 disk drive for storage of data and programs, 
a Commodore 1902a monitor for display of data, and a 
Commodore 802 printer for hardcopy output. An analog-to-
digital (A/D) conversion board (MW-611, Micro World 
Electronix) was purchased and plugged directly into the 
expansion port slot of both the Commodore 64 and Commodore 
128 computer. The board was designed to accept up to 16 
analog inputs. It also provided for digital to analog 
conversion and analog output, but these capabilities were not 
utilized. The board accepted analog input voltages in the 
range of 0 to 5 volts and converted voltages in that range to 
digital values from 0 to 255. This provided a maximum full 
scale resolution of 0.39%. 
Unfortunately, the analog output of the Beckman 
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recorder ranged from -1.414 to +1.414 volts full scale. It 
was necessary to construct an electrical circuit to amplify 
and invert the incoming voltages to those that would be 
compatible with the requirements of the A/D board. This 
circuit board was constructed by Mike Brune, Biomedical 
Engineering Program, Iowa state University, Ames, lA. 
The voltages were converted to digital values which 
could be read directly from memory locations in the 
computer. The digital values could be read with a simple 
BASIC routine which was provided by Micro-World 
Electronix. It became apparent that the BASIC language 
was not capable of sampling the values rapidly enough for 
adequate reconstruction of the waveforms of interest. 
Therefore, a small machine language program was created to 
provide adequate sampling frequency (see Appendix C). 
This machine language program was designed to sample 
three memory locations which corresponded to three separate 
channels of input. The values were collected sequentially, 
but the time between samples was very small, approximately 
100 microseconds. The time between sets of samples was 
varied to give the required sampling rate for the channels 
of interest. The sampling rate and the channel numbers to 
be sampled could be altered from the BASIC program by 
simple POKE commands. The data were transferred directly 
into a data storage array as the data were collected. The 
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machine language routine automatically determined where the 
data array was located in memory and stored the collected 
points directly into that memory area. 
Later it became desireable to decrease the time 
required for manipulation of the data. A BASIC compiler 
program was purchased (BASIC-128, Abacus) to 
convert the existing BASIC code into a faster-executing 
pseudocode. This greatly reduced the time required for 
calculations. Unfortunately, the compiled program was 
incompatible with the machine language sampling program. 
Fortunately, execution speed was enhanced enough to allow 
for adequate sampling rates (160 Hz) without using the 
assembly language routine. The version of the basic code 
in Appendix A is that which was compiled. The basic code 
for the subroutine that called on the machine language 
routine is in Appendix B. 
Calibration 
Once the voltage changes had been stored as digital 
values, it was then possible to convert these values into 
pressures, flows, volumes and gas concentrations. Once the 
values for these parameters were calculated, it was 
possible to use them in subsequent calculations of 
respiratory and cardiovascular parameters. Each channel 
required its own calibration routine. Calibrations were 
repeated several times to confirm the stability of the 
recording system. 
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Pressure channels Because the animals used in this 
study were all within a fairly narrow range in weight, only 
a few settings on the Beckman recorder were required to 
accommodate the range of values collected. For the 
esophageal pressure and cardiovascular pressure channels, 
only two sets of calibration settings for each channel were 
used for the entire set of experiments. 
The procedure for deriving a regression line for 
conversion of the digital values to pressure values was 
similar for all pressure channels. The transducer was 
zeroed and balanced and opened to atmosphere. A subroutine 
of the program (the channel scan selection) was used to 
collect and display a digital value for the zero pressure. 
Pressures were then applied to the transducers. In the 
case of the esophageal pressure channel, a water manometer 
was used to apply pressures ranging from +5 to -15 cm H2O. 
In the case of the cardiovascular pressure channels, a 
pressurized manometer was used to apply pressures ranging 
from 10 to 200 mm Hg. Digital values collected at known 
pressures were processed by linear regression analysis to 
derive an equation for conversion of collected digital 
values to pressures. The responses of the pressure 
transducers over the tested ranges were linear with 
correlation coefficients typically greater than 0.99. 
31 
Airflow The calibration values for airflow were 
limited to only three settings on the Beckman recorder. 
Again this was due to the narrow size range of the 
experimental animals. 
The procedure for the airflow channel was similar to 
that for the pressure channels. The channel was zeroed and 
balanced with no airflow through the pneumotach. Again the 
BASIC subroutine was used to collect and display the 
digital values for that channel. Using a Singer dry test 
meter (Singer Meter model DTM-115, American Meter Division) 
known volumes of air were directed through the pneumotach 
for timed intervals. Flows tested ranged from 5 to 45 
liters per minute. Again, the response of the pneumotach 
over the tested range of flows was linear. 
Tidal volume The tidal volume, or integrated 
airflow, channel required that the airflow channel be 
precisely balanced. Because the output from the airflow 
channel was electrically integrated, any shifting of the 
airflow baseline would result in an erroneous integration. 
Once again, only three sets of settings were required for 
the entire experiment. 
Once the airflow channel was zeroed and balanced, and 
the zero set of the tidal volume channel positioned near 
the center of the channel, known volumes of air were 
directed through the pneumotach with a 1 liter calibrated 
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syringe. These volumes ranged from 50 to 950 ml. A BASIC 
subroutine of the program (the min/max selection) was used 
to collect and display the maximum and minimum digital 
values for the known volumes directed through the 
pneumotach. A set of 5 cycles was collected and then 
averaged to give values for that volume. The difference 
between the maxima and minima from the zero line was also 
calculated. If these values were not equal, the integrator 
offset was adjusted and the measurement repeated. This 
insured that the integrator was accurately measuring the 
volumes applied. The known volumes and the corresponding 
digital values were again used to derive a regression line 
for that setting. Again, the response of the integrator 
was linear with very high correlation coefficients for the 
ranges of volumes tested. 
Lung mechanics 
This section of the program calculated several 
respiratory parameters. These are tidal volume, dynamic 
lung compliance, airway resistance, and inspiratory work. 
These calculations require data from the esophageal 
pressure, airflow, and integrated airflow waveforms. • The 
three channels were sampled at a frequency of 45 to 65 hz 
simultaneously and 1500 data points were collected for each 
channel. Therefore, for one set of calculations, 4500 data 
points were collected in a period of less than thirty 
seconds. Longer sampling times and more collected data 
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points are possible, but the time required for calculation 
also increases. 
The program proceeded through a series of steps to 
determine the necessary parameters for each of the 
respiratory cycles collected in the sample period. The 
first step was to search for an area of the integrated 
airflow (tidal volume) signal that could be used as a 
baseline. It was known that the baseline was located near 
the center of the channel. Since the digital range of the 
output could range from 0 to 255, the baseline was located 
near the mean or near a digital value of 127. The program 
actually searched for the baseline within a narrow range of 
digital values (between 120 and 140). By searching for a 
section of the waveform that fell within this range, 
possible "false positives" could be avoided. Once a 
section of data was located within the approved range, a 
mean and standard deviation were calculated for the points 
within that range. If the standard deviation exceeded a 
value of 1 then that section of data was rejected and the 
search was reinstituted. If the standard deviation was 
acceptable, the mean for that section of the waveform was 
used as the baseline for the integrated airflow signal for 
that block of collected data. 
Next, the same time interval was used to calculate the 
baselines for the esophageal pressure and airflow channels. 
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These two channels are subject to more physiological 
"noise" than the Integrated airflow signal. This algorithm 
allowed rapid derivation of the baselines for each separate 
channel of collected data. The algorithm worked well 
unless respiratory rate was so rapid that there was no 
pause between breaths. This could occur with respiratory 
rates exceeding 40 breaths per minute. 
Once the baselines were determined, the program began 
to look for the maximum Inspired volumes. The count of 
these maximum volumes could be used to calculate 
respiratory rate. The inspiratory maximum corresponded 
with the digital minimum. Therefore, by searching for the 
.digital minimums, it was possible to locate the points in 
the data sample that represented the maximum inspired 
volume. Once this point was located, the point on the 
esophageal pressure waveform at the same point in time 
would represent the esophageal pressure at maximum 
inspiration, or inspired tidal volume. Because of problems 
with physiological noise, the actual value taken for 
esophageal pressure was the average of the three points 
taken just before, just at, and just after the point for 
tidal volume. This average gave a more consistent value 
for subsequent calculations. The difference from the 
baseline to that esophageal pressure provides the change in 
Intrapleural pressure associated with that tidal volume. 
The change in volume divided by the change in pressure 
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determines dynamic compliance (ml/cm H^O). The volume 
multiplied by the change in esophageal pressure gives the 
work of inspiration (L*cm H^O). 
Next, the resistance to airflow was calculated. 
Information was required from the esophageal pressure, 
airflow and integrated airflow signals. To give a better 
estimate of airway resistance, an average was calculated 
from two measurements taken at standard percentages of the 
inspired volume. Resistance was calculated at 75 and 50 
percent of maximum tidal volume. At those points, values 
for the esophageal pressure, airflow and inspired volume 
were taken. Dividing the compliance for that breath by the 
volume at that point gave the portion of the change in 
esophageal pressure that was required to overcome the 
elastic recoil of the lung, or the pressure of compliance. 
The remaining pressure was that required to overcome the 
resistance to airflow into the lung, or pressure of 
resistance. Dividing the airflow by that pressure gave the 
value for airway resistance (cm H20/L/sec). 
All of these parameters were calculated for each of the 
respiratory cycles included in the data sample. An average 
value was then calculated for each parameter. 
Respiratory rate was calculated by taking the average 
of two separate methods of calculation. The first was to 
measure the time between inspirations and use the average 
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time to give a respiratory rate. The second was to divide 
the time interval the sample was collected in by the 
number of breaths counted in that interval. By taking the 
average of these two methods, a better estimate of 
respiratory rate was provided when the respiratory pattern 
was uneven. Multiplying the respiratory rate by the 
average tidal volume gave the minute ventilation for that 
period. 
Cardiovascular parameters 
Three pressure waveforms were collected for analysis. 
Because the cardiovascular cycles are much more rapid than 
the respiratory cycles, the sampling rate for this data was 
increased to at least 160 Hz. Collection of 1500 samples 
for each of the 3 channels required less than four seconds. 
Depending on the heart rate, 7 to 13 cardiac cycles were 
collected for analysis in the sample. 
The three channels were all subjected to the same 
series of analyses. The first step was to determine the 
mean pressure by averaging every fourth data point. By 
using every fourth point, the time required for calculation 
was reduced by a factor of four while the number of data 
points remained adequate for a reliable value. When the 
mean was established, the program searched for the maximum 
value in the channel. Another point was then calculated as 
the mean plus sixty percent of the difference between the 
mean and maximum. This value was then used during the 
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search for the number of cardiac cycles contained within 
the sample. The program searched for maximum values that 
occurred above the mean-plus sixty percent point and then 
skipped ahead a number of points to clear the rest of the 
points above the mean, or the rest of the pressure during 
systole. The counter was advanced and the point at which 
the maxima occurred was recorded in a separate array. The 
program again searched for points above the test value to 
continue to look for maximums until the end of the 
collected data. The average of the time between the 
maximums was used to calculate heart rate. A search 
backwards from the maximums until the points leveled off 
determined diastolic pressure. Pulse pressure was 
calculated as the difference between the maximum and 
minimum pressures. The slope of the points taken between 
the maximum and the preceding minimum pressures could be 
used to calculate the change in pressure over time (DP/DT). 
In order to minimize the possibility of artifacts, the 
portion of the points between the mean minus 30% of the 
pulse and the mean plus 40% of the pulse were used for the 
calculation of DP/DT. 
The entire sequence of events was repeated for the 
other two channels. Since the points for the maximums were 
known for the ventricular waveform, that information was 
utilized in the search for the maximums for the remaining 
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channels. Values for mean pressure, heart rate, systolic 
pressure, diastolic pressure, pulse pressure, and DP/DT 
were calculated for each of the three channels. 
Respiratory gas exchange 
The portion of the program that calculated values for 
gas exchange was written by Phillip Baker, Biomedical 
Engineering Program, Iowa State University, Ames, lA. This 
section used the airflow and oxygen concentration and 
carbon dioxide concentration in the expired air to 
calculate values for tidal volume, respiratory rate, minute 
ventilation, carbon dioxide production, oxygen consumption, 
end-tidal carbon dioxide concentration, end-tidal oxygen 
concentration, and physiological dead space. The airflow 
was mathematically integrated to provide an instantaneous 
volume. This volume was used with the gas concentrations 
at that volume to provide breath-by-breath analysis of gas 
exchange. Several breaths were averaged to derive the 
final values. 
Cardiac output 
The cardiac output (C.O.) (ml/minute) was measured using 
the thermodilution technique. A Swan-Ganz thermodilution 
catheter was used for the determinations. The hardware for 
interfacing the thermistor output to the CoKo&odore 
constructed by Mike Brune. The equations used for 
computation of the cardiac output from the thermodilution 
data are modified from those used in determination of cardiac 
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output using dye dilution. 
The actual procedure involved injection of a bolus of 
thermal indicator solution (heparinized saline at 0 C°) and 
monitoring the downstream decrease in blood temperature. 
The change in temperature over time generated a curve. The 
area under the curve was integrated and this area was used 
in a standard equation to calculate the cardiac output. 
The equation includes correction factors for the 
density, initial temperature, and volume of the injectate, 
the initial temperature of the blood, and thermal losses 
that occur in the catheter. Correction factors were 
provided by the manufacturer of the catheter. 
(1.08)*(Ct)*(60)*(Vi*(Tb - Ti)) 
C.o. = 
Integral of Blood Temperature Change 
over time. 
where: 
1.08 = Ratio of the heat capacity of the 
injectate to the heat capacity of blood. 
Ct = Correction for type of catheter and volume of 
injectate used. 
60 = 60 seconds per minute. 
Vi = Volume of injectate used. 
Tb = Initial blood temperature. 
Ti = Initial injectate temperature. 
Each catheter used was calibrated for change in 
resistance over a temperature range of 37 to 41 C°. It was 
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found that the slope of the relationship between 
temperature and resistance was virtually identical for all 
catheters used. Measuring the resistance of the thermistor 
with an ohm meter provided a value which could be converted 
to a temperature, providing the initial blood temperature 
required in the equations. 
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RESULTS 
Respiratory 
Ventilation in all the groups was measured under two 
conditions, inspiratory loaded and normal (unloaded) 
breathing. The inspiratory loading was used to help 
discern any influence of the volatile compounds by 
stressing the respiratory system. 
The ventilation parameters measured include respiratory 
rate, tidal volume and minute ventilation. At TO the four 
groups had a mean respiratory rate of; 15.4 for control, 
16.0 for acetone, 16.8 for ethanol, and 13.1 for toluene. 
Over the course of the experiment (Figure 1), the 
respiratory rates for acetone and ethanol treatment groups 
did not vary significantly from those of the control group. 
The respiratory rate for the toluene group showed a 
significant increase from the control value from time period 
T3 through T7. 
The same basic normal respiratory rate was observed 
during loaded breathing (Figure 2). Again, the acetone and 
ethanol groups did not vary significantly from the control 
group from period T1 to T6. At T7 however, the respiratory 
rate of the ethanol group was significantly higher than the 
control group. The increase in respiratory rate observed 
in the toluene group under unloaded breathing was enhanced 
during loaded breathing. The toluene group showed a 
significantly increased respiratory rate compared to the 
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control group from T2 to T7. At TO the mean respiratory 
rates for the groups were 16.2 for control, 16.7 for 
acetone, 16.3 for ethanol, and 13.8 for toluene. These 
rates were approximately the same as those seen during 
unloaded breathing during the control period. 
Tidal volume showed a response similar to the 
respiratory rate (Figure 3). Again, the acetone and 
ethanol groups showed no significant variation from the 
control group at any time period. The toluene group showed 
a significantly decreased tidal volume compared with the 
control group from time T1 to T6. Average values for the 
groups at TO were: 307 ml for control, 272 ml for acetone, 
296 ml for ethanol, and 283 ml for toluene. 
A similar tidal volume response was observed during 
loaded breathing (Figure 4). Again there was a 
significantly decreased tidal volume observed in the 
toluene group while the ethanol and acetone groups showed 
no significant deviation from the control valued at any 
time period. Tidal volume averages for the four groups at 
TO during loaded breathing were: 263, 240, 251, and 253 ml 
for control, acetone, ethanol and toluene, respectively. 
Minute ventilation did not show dramatic changes during 
unloaded breathing (Figure 5), which at TO were 4136, 4207, 
4347,and 3588 ml/min for for control, acetone, ethanol and 
toluene, respectively. There was no difference in any of 
the three groups from control at any of the subsequent time 
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periods. 
During loaded breathing, there was a tendency for all 
the treatment groups to show increased minute ventilation 
from the TO values as compared to the control group (Figure 
6). At TO the groups mean values for minute ventilation 
were 3818 ml/min for control, 3771 for acetone, 3777 for 
ethanol, and 3335 for toluene. The ethanol group tended to 
show the largest increase and showed a significantly 
increased minute ventilation from control at T4 and T5. 
The respiratory mechanics parameters include dynamic 
lung compliance, pulmonary resistance, and inspiratory 
work. These were also assessed under conditions of loaded 
and unloaded breathing as were the ventilation parameters. 
At TO the mean values for the four groups for dynamic 
lung compliance were 56.2, 48.4, 39.6, and 43.5 ml/cm H2O 
for for control, acetone, ethanol and toluene, 
respectively. All four groups showed decreased compliance 
over the experimental period (Figure 7). The toluene group 
exhibited a significant decrease from control in dynamic 
lung compliance at each of the time periods for T1 to T6. 
During inspiratory load, all groups showed a decrease 
in dynamic lung compliance (Figure 8). The initial values 
for the four groups under loaded breathing conditions were 
38.6, 32.1, 26.3, and 30.9 ml/cm H2O for control, acetone, 
ethanol, and toluene, respectively. Under loaded 
breathing, there were no significant differences between 
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unloaded breathing 
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the the treatment and control groups at any of the time 
periods from T1 to T7. 
Pulmonary resistance values at TO during unloaded 
breathing were 2.34, 4.77, 2.50, and 2.27 cm H20/L/sec for 
control, acetone, ethanol, and toluene, respectively 
(Figure 9). In general, all the groups showed an increase 
in airway resistance over the course of the experiment. 
The toluene group showed a significantly increased 
pulmonary resistance at T6. 
During loaded breathing the differences between all the 
groups was reduced (Figure 10). The TO values were 8.9, 
18.8, 8.9, and 8.6 cm H20/L/sec for control, acetone, 
ethanol, and toluene, respectively. There were no 
significant differences from the control group in any of 
the treatment groups at any time period. 
Inspiratory work values for the control group tended to 
increase, then decline over the course of the experiment 
(Figure 11). The TO values were 1.8, 1.7, 2.4, and 1.9 L*cm 
H2O for control, acetone, ethanol, and toluene treatment 
groups, respectively. The acetone and ethanol groups showed 
a gradual increase in inspiratory work, while the toluene 
group showed a dramatic decrease. There were significant 
differences between the toluene and control groups at time 
periods T2 to T6. 
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During loaded breathing this pattern was repeated 
(Figure 12). The initial values were 1.97, 2.10, 2.73, and 
2.35 L*cm H2O for control, acetone, ethanol, and toluene, 
respectively. There were no significant differences between 
the response of the acetone group and the control group at 
any time period. The toluene had a significantly decreased 
measurement of inspiratory work at time periods T1 through 
T6. 
Respiratory Gas Exchange- The variables included in the 
measurement of respiratory gas exchange were carbon dioxide 
production (VCO2), oxygen consumption (VO2), end-tidal CO2 
(etC02), and end-tidal O2 (et02). Physiological dead space 
(Vgg) and alveolar ventilation (V^) were calculated from 
these measured parameters. These variables were measured 
during normal breathing. 
End-tidal values for carbon dioxide tended to decrease 
in the control, acetone, and ethanol groups (Figure 13). 
In the toluene group, however, the measured etC02 increased 
during the exposure, and dropped off after the exposure to 
toluene had ended. Initial measurements for etC02 for the 
four groups were 38.1, 38.4, 40.3, and 38.8 mm Hg for 
control, acetone, ethanol, and toluene, respectively. The 
toluene group showed significantly higher etC02 values from 
those of the control group at T4, T5 and T6. 
Although the response was repeated with et02 there were 
no significant differences between any of the treatment 
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groups and the control group (Figure 14). Initial 
measurements for etOg in the four groups were 109.0, 109.3, 
104.6, and 105.1 mm Hg for control, acetone, ethanol, and 
toluene, respectively. 
Values for COg production (Figure 15) and Og 
consumption (Figure 16) showed little difference from those 
of the control group. Initial values for COg production 
for the four groups were 126.6, 113.8, 100.6, and 75.9 
ml/min for control, acetone, ethanol, and toluene, 
respectively. Initial values for Og consumption for the 
four groups were 123.0, 127.4, 110.3, and 81 ml/min for 
control, acetone, ethanol, and toluene, respectively. 
Physiological dead space increased slightly over the 
course of the experiment for the exposure and control 
groups (Figure 17). The initial values for the four groups 
were 104, 110, 105, and 95 ml for control, acetone, 
ethanol, and toluene groups, respectively. The ethanol group 
showed the largest increase. This group was significantly 
greater than the control group at periods Tl, T2, T5, and T7. 
Alveolar ventilation was calculated by subtracting the 
physiological dead space ventilation from the minute 
ventilation (Figure 18). The initial values for the four 
groups were 3182, 3090, 2654, and 2090 ml/min for control, 
acetone, ethanol and toluene groups, respectively. No 
significant differences in alveolar ventilation were observed 
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Figure 18. Percent change in alveolar ventilation 
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over the course of the experiment between any of the 
experimental groups and the control group. 
Cardiovascular 
The measured cardiovascular parameters of interest 
include mean systemic arterial pressure, mean pulmonary 
arterial pressure, heart rate, left ventricular 
contractility, and cardiac output. Stroke volume, 
pulmonary vascular resistance, and systemic vascular 
resistance were calculated from the measured parameters. 
Mean systemic arterial pressure (Figure 19) and mean 
pulmonary arterial pressure (Figure 20) both increased 
slightly during the experimental protocol in all of the 
groups. Initial values for mean systemic arterial pressure 
were 116, 110, 116, and 119 mm Hg for control, acetone, 
ethanol, and toluene groups, respectively. There were no 
significant differences between the control and any treatment 
group at any time period. 
The initial values for the mean pulmonary arterial 
pressure were 8.5, 9.3, 8.6, and 9.9 mm Hg for control, 
acetone, ethanol, and toluene, respectively. There were no 
significant differences between the control and treatment 
groups at any time period. 
There was a tendency for heart rate to decrease 
slightly over the course of the experiment in the control 
and ethanol groups (Figure 21). The acetone and toluene 
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groups, however, showed an Increase in heart rate when 
compared to the control group. Initial values for the 
groups at TO were 153, 126, 147, and 124 beats/min for 
control, acetone, ethanol, and toluene, respectively. The 
acetone group had a significant increase in heart rate 
compared to the control group at T2, T3, T4, and T6. The 
toluene group had a significantly higher heart rate from T1 
through T7. 
Left ventricular contractility (LVDPDT), as measured by 
the maximum change in pressure over change in time during 
the initial phase of systole, tended to decrease in all of 
the groups over the experimental period (Figure 22). 
Initial values for the groups were 3082, 2571, 3004, and 
2311 mm Hg/sec for control, acetone, ethanol, and toluene, 
respectively. The acetone group did show an initial 
increase in LVDPDT and was significantly higher than the 
control group at T2. Thereafter, the value for that group 
fell, actually falling below the control group after T5. 
The other groups had no significant differences from the 
control group at any time period. 
Cardiac output tended to decrease in all the groups 
over the experimental period (Figure 23). Measured values 
for the groups at TO were 3182, 3439, 3395, and 2918 ml/min 
for control, acetone, ethanol, and toluene, respectively. 
As occurred with the LVDPDT, the acetone group showed a 
slight increase in cardiac output initially. The acetone 
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group had a significantly higher cardiac output than the 
control group at T2 and T3. The other groups were not 
significantly different from the control group at any time 
period. 
The stroke volume was calculated by dividing the 
cardiac output by the heart rate. Stroke volume decreased 
over the course of the experiment for all groups (Figure 24). 
The treated groups exhibited a greater decrease than control. 
Initial values for the groups were 21, 27, 23, and 23 ml/beat 
for control, acetone, ethanol, and toluene, respectively. 
The toluene group had a significantly lower stroke volume at 
Tl, T3, T4, T5, T6, and T7. The stroke volume of the ethanol 
and acetone groups was not significantly different than the 
control group at any time period. 
Both pulmonary vascular resistance (Figure 25) and 
systemic vascular resistance (Figure 26) increased for all 
the groups during the experiment. Initial values for 
pulmonary vascular resistance were 0.159, 0.168, 0.163, and 
0.225 mm Hg/ml/sec for control, acetone, ethanol, and 
toluene, respectively. There were no significant 
differences between any of the treatment groups and the 
control group at any time period. 
The initial values for systemic vascular resistance 
were 2.328, 2.018, 2.154, and 2.635 mm Hg/ml/sec for 
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control, acetone, ethanol, and toluene, respectively. 
Again, there were no differences between the control and 
treatment groups at any time period. 
Alveolar lining material 
The alveolar lining material (ALM) is composed of 
several phospholipids. These include phosphatidylglycerol 
(PG), phosphatidylinositol (PI), phosphatidylserine (PS), 
phosphatidylethanolamine (PE), and the largest component, 
phosphatidylcholine (PC). Two other components, 
sphingomyelin and lysophosphocholine, were analyzed for, 
but occurred rarely and at extremely low concentrations. 
The results for the phospholipid concentrations are 
expressed as the percentage of total phospholipid. This 
corrected for some possible error due to differences in the 
amount of phospholipid analyzed in each sample. 
Mean values for PG for the four groups were 13.2, 8.16, 
11.9, and 10.7 percent for the control, acetone, ethanol and 
toluene groups, respectively (Figure 27). There was 
significantly less PG (P<.05) in the ALM of the acetone group 
than was found in the control group. The toluene and ethanol 
groups had slightly less PG than the control group. There 
were no significant differences from control in the levels of 
PS in any of the treatment groups (Figure 28). 
Both the acetone and the toluene groups had 
significantly less PI than the control group (Figure 29). 
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The ethanol group had slightly lower PI than the control 
group. There were no differences between the treatment 
groups and the control group in the level of PE measured 
(Figure 30). Finally, the levels of PC in the acetone and 
toluene groups were both significantly greater than the 
levels found in the control group (Figure 31). The ethanol 
group had insignificantly higher PC levels than the control 
group. 
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DISCUSSION 
This series of experiments were designed to investigate 
the effects of inhaled solvents on the cardio-pulmonary 
system. The three solvents chosen for study were by no 
means exhaustively tested. A complete toxicological 
evaluation would have involved exposures to several levels 
of each of the solvents. Additionally, mixtures of the 
solvents could have additive or synergistic effects. 
Enough information was gathered in this study to conclude 
that an acute exposure to solvent aerosols can cause 
alterations in several parameters. 
Ventilation 
The results indicate that none of the treatments 
significantly affected minute ventilation. But, inhalation 
of toluene causes a significant increase in respiratory 
rate and concomitant decrease in tidal volume. This same 
response was evident under the condition of inspiratory 
loading. Inspiratory loading during toluene inhalation 
increased the ventilatory response and caused the response 
to occur sooner. 
There are few references to the effects of toluene on 
ventilation. One possible mechanism for the observed 
change in ventilatory response (increased rate with 
decreased tidal volume) is the direct narcotic effects of 
toluene on the central respiratory control centers. This 
is unlikely since depression of the central nervous system 
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usually causes respiratory depression, particularly 
decreased respiratory rate. Another possible mechanism is 
that toluene altered the mechanical properties of the lung 
parenchma by interacting with the collagen and elastin 
fibrils that determine the lung's elastic behavior. This 
could have caused the respiratory system to respond by 
decreasing tidal volume and increasing respiratory rate to 
maintain minute ventilation and simultaneously minimize the 
work of respiration. 
Lung mechanics 
The exposures to ethanol and acetone caused no 
significant changes in dynamic lung compliance, pulmonary 
resistance, or inspiratory work. Exposure to toluene caused 
a significant decrease in dynamic compliance and a 
significant decrease in inspiratory work. There was no 
consistent effect from any of the exposures on pulmonary 
resistance. Therefore, the changes in inspiratory work were 
probably due to the compensatory changes in respiratory 
patterns, i.e., reduced tidal volumes, that occurred due to 
the decreased dynamic lung compliance. 
Toluene may have changed the dynamic compliance of the 
lungs by altering the structural parenchyma of the lung 
tissue. However, if this was the case, one would expect to 
see these changes persist after the exposure to toluene had 
been terminated. The changes would be irreversible, or at 
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least not rapidly reversed. In fact what was seen was that 
both the respiratory rate and tidal volumes shifted back 
toward the control values soon after the exposure ended 
(after T6). There was no evidence, from light microscopic 
examination, of any histological damage, pulmonary edema, or 
inflammatory processes evident in the toluene treated group. 
Such changes could have been responsible for or been 
responses to alterations in lung mechanics (Albert et al., 
1979). Therefore, the effects of toluene were transient and 
due to alteration of physiologic parameters and not due to 
permanent alteration of the lung structure itself. Under 
loaded conditions, the differences between the treatment and 
control groups' mechanical properties were less pronounced. 
However, the toluene group still had a marked decrease in 
inspiratory work. The question remains as to why toluene 
would cause this alteration in inspiratory work. 
Gas exchange 
The only notable changes in the production of carbon 
dioxide and the consumption of oxygen were in the ethanol 
group at the termination of the experiment (T7). There was 
a massive increase in oxygen consumption in two of the dogs 
within the ethanol group at T7. These results must be 
evaluated with caution, even though there was a significant 
difference between the ethanol and control group at T7. 
Possible mechanisms for such an increase could be shifts in 
the regional ventilation to perfusion ratio within the 
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lung. Since both VCO2 and VO2 Increased, it is possible 
that there was an increase in metabolic rate. Another 
possibility is that there is a shift in the energy 
metabolism of the animal, and the dogs began to use ethanol 
as an energy substrate. 
The values for end-tidal CO2 and end-tidal O2 were 
consistent with the changes in respiratory pattern. Rapid, 
shallow breathing causes a reduction in gas exchange with 
each individual breath. The increased rate observed with 
toluene inhalation would tend to compensate for the 
decrease in tidal volume and maintain total gas exchange. 
There was also a significant increase in physiological 
dead space in the ethanol group. This increase could 
account for a portion of the increase in VO2 at the end of 
the experiment. If V^g was increased, by ethanol exposure, 
then there would be less O2 delivered to the tissues than 
required unless minute ventilaton was increased to 
compensate, since there was no observed increase in minute 
ventilation, ethanol exposure may have reduced the 
sensitivity of the animal to hypoxia or hypercarbia. 
Previous experiments with exposure to ethanol via infusion 
have shown that ethanol exposure can significantly lower the 
saturation of hemoglobin and reduce the pH of arterial blood 
(Engwall, 1980). This decrease in hemoglobin saturation is 
rapidly reversed as the blood ethanol level drops. 
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Itr is obvious that all the experimental groups showed a 
decrease in the ratio of dead space to tidal volume over 
the course of the experiment. Since anatomical dead space 
is relatively fixed, one would expect that the rapid, 
shallow breathing pattern seen with toluene exposure would 
result in large dead space to tidal volume ratios. In 
fact, just the opposite occurred. This implies that some 
compensatory mechanism was operating to reduce the 
physiological dead space to compensate for the reduced 
tidal volume. Such mechanisms may include hypoxic 
bronchoconstriction. Ethanol treatment also had a trend 
similar to the toluene group, but not as pronounced. 
Cardiovascular 
The increased pulmonary arterial pressures seen in all 
the groups over the course of the experiment may be due to 
the tendency for all the experimental subjects to develop 
dependent lung lobe congestion. This congestion is due to 
the tendency for blood to pool in the lower lobes of the 
lung. Because of the exposure system used, it was not 
possible to periodically 'bag' the animal which would have 
attenuated this process. None of the inhalation exposures 
caused any additonal increases in pulmonary arterial 
pressures over that seen in the control group. 
Systemic arterial pressure also increased over the 
course of the experiment. There was a slight tendency for 
the acetone group to demonstrate higher pressures than the 
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control group, while the ethanol and toluene groups both 
tended to fall below the control group. This is in 
agreement with the findings of Morvai and Ungvary (1979) 
who found that ethanol and toluene had little effect on 
systemic blood pressure. There was no statistically 
significant evidence of any hypertensive effects of inhaled 
acetone in this acute experiment. 
Acetone and toluene both had positive chronotropic 
effects. Again, this could be due to the direct effects of 
the two solvents on the cardiac muscle. Toluene caused the 
greatest increase in heart rate. It is interesting to note 
that the effect was transient as the heart rate began to 
decrease toward control after exposure to toluene had been 
discontinued. 
Phospholipid analysis 
Of the three solvents tested, acetone and toluene 
altered the composition of the ALM significantly. The 
changes in the PL composition of the ethanol group 
exhibited the same trends as did the other solvents, but 
were not significantly different than control. Five 
phospholipids were measured in the ALM and significant 
alterations were found in the percentages of PG, PI, and 
PC. These phospholipids have the most rapid turnover in 
the ALM. 
The ALM extractions were not tested for actual 
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performance as surfactant compounds. Other authors have 
noted that treatment with solvents can alter the surfactant 
properties of the ALH (Pattle et al., 1972). Treatment 
with oral ethanol has been shown to change the surface 
active properties of the ALM (Krishnan and Ramakrishnan, 
1972). Exposure to chemicals such as carbon tetrachloride 
and gasoline vapor by inhalation has been shown to reduce 
the yield of ALM from lungs (Le Mesurier et al., 1980). It 
is therefore reasonable to assume that the changes in 
dynamic lung compliance seen with an acute exposure to 
toluene vapors were due to the alteration of the ALH 
surface active properties. The alterations in the PL 
composition of the ALM may well be the mechanism for the 
changes in surface activity, or may be indicative of some 
derangement in the process of uptake and release of the PLs 
from the type II cells in the alveoli. Further studies 
involving in vitro manipulation of PL mixtures to observe 
the actual surface active properties of the mixtures would 
reveal whether the alterations in composition of the ALM 
actually caused significant alterations of the surfactant 
properties of the ALM. 
Previous studies involving inhalation of solvent vapors 
have involved prolonged exposures (Le Mesurier et al., 
1980). These results indicate that significant alterations 
can occur in a timespan of hours. The solvents studied 
have different toxic threshold levels and may vary in 
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their mechanisms of action. Toluene is certainly the most 
lipid soluble and it is therefore not surprising that this 
solvent demonstrated the greatest effects. 
Histology 
There were no significant changes in the structures of 
the bronchi and alveoli at the light microscope level. A 
few samples had some evidence of inflammation, but this was 
probably from a pre-existing condition. It is possible that 
the process of insufflation with fixative may have removed 
evidence of pulmonary edema from the tissue samples. The 
insufflation process does give excellent visualization of the 
alveolar walls, however. The lack of observable changes 
agrees with the work of Carpenter et al. (1976), Coon et al. 
(1970), and DiVincenzo et al. (1973). 
Computer 
The physiological measurements taken for this 
experiment were greatly aided by the use of the computer. 
The system used was the result of the joint efforts of 
several people. Measurements of pressures, volumes, and 
flow rates were easily verified by comparison with the 
analog signal generated on the Beckman recorder. 
Calculations performed by the computer to generate values 
for compliance, resistance, as well as other parameters, 
were verified by performing them by hand from the analog 
data and again using the digitized data. The system gave 
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Invaluable assistance by providing almost Instantaneous 
calculated and summarized data while the experiments were 
underway. Further Improvements In the system hardware and 
software will be easily Incorporated Into the basic 
structure that has been created. 
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SUMMARY 
This project was designed to accomplish several 
objectives. First, to write a computer program to run on an 
inexpensive, commercially available microcomputer for 
collection and analysis of data using an analog to digital 
converter. Second, to test the effects of inspiratory 
loading on pulmonary parameters, specifically toward the 
measurement of small changes in ventilatory and mechanical 
parameters. Third, to test the effects of inhaled solvent 
vapors of toluene, acetone and ethanol on the 
cardiopulmonary system. Fourth, to measure the effects of 
solvent inhalation on the phospholipid composition of the 
alveolar lining material. 
The program could be run in standard BASIC, with 
an additional small machine language routine for collecting 
the digital values. It could also be run in compiled BASIC. 
The compiled version was more difficult to edit, but did run 
significantly faster than the standard BASIC version which 
reduced the time required for intermediate computations. 
The compiled version was used for the major portion of these 
experiments. 
The computer program provided rapid and reliable 
reduction of data as the experiment progressed. The time 
required for hand reduction of the same volume of data would 
have amounted to hundreds of hours, some parameters would 
93 
have been almost impossible to calculate without the aid of 
the computer. 
The inspiratory load caused a large increase in 
inspiratory resistance. However, within a minute of onset, 
the animal adjusted the respiratory rate and tidal volume to 
return minute ventilation and inspiratory work to nearly the 
non-loaded level. Changes in respiratory rate and tidal 
volume in response to solvent inhalation were enhanced by the 
additional inspiratory load. In general, however, the 
additional inspiratory load did not provide a clear cut 
improvement in the ability to discern changes in pulmonary 
parameters due to the treatments used in this project. 
Inhalation of the solvent vapors caused some changes in 
the respiratory system. The magnitude of the change varied 
with the type of solvent used. Toluene inhalation caused a 
rapid decrease in tidal volume with a corresponding increase 
in respiratory rate. There was a decrease in dynamic lung 
compliance and in inspiratory work. The changes in 
cardiovascular parameters attributable to the toluene 
treatment included an increase in heart rate and decrease in 
stroke volume. 
Acetone and ethanol inhalation caused no significant 
changes in cardiovascular parameters or the lung mechanics. 
Ethanol inhalation caused a significant increase in the 
physiological dead space. The mechanism of this increase is 
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unclear. 
Inhalation of toluene and acetone for two hours caused 
significant changes in the phospholipid composition of the 
alveolar lining material. Acetone inhalation caused a 
significant decrease in the percent of total phospholipid 
of phosphatidylglycerol and phosphatidylinositol while 
causing a significant increase in phosphatidylcholine. 
Toluene caused a significant decrease in the percentage of 
phosphatidylinositol and an increase in the percentage of 
phosphatidylcholine. It is unknown whether these changes are 
due to alterations in phospholipid secretion, reuptake, or 
degradation. It is possible that some of the changes 
observed in the lung mechanics may.be due in part to the 
changes in phospholipid composition. 
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APPENDIX A: MAIN COMPUTER PROGRAM LISTING 
10 REM Lines 20-30 are instructions used by 
15 REM the BASIC compiler 
20 REMgf 
30 REM@16384 
40 REM a $="mas t er 17. tmp" : save"@0 : "+a$, 8 : verify a$,8 
50 REM commodore 128 analog to digital 
60 REM sampling program copyright 1985 
70 TRAP 7350: REM error trapping routine 
80 PRINT" commodore 128 analog to digital": 
90 PRINTAB(ll)"sampling program" 
100 PRINTTAB(12) "copyright 1985" 
110 GRAPHIClyl:COLOR 0,7:COLOR 5,2:C0L0R4^7:GRAPHICO 
120 INPUT" date: month/day";DA$ 
13 0 PRINTTAB(15)"ti$":INPUT"time: hrmnsc";TI$:GOTO 280 
140 REM 
150 REM Subroutine for sampling data. 
160 REM This is the method used in the compiled version 
170 REM of the program. 
180 REM Lines 200 and 260 are compiler instructions. 
190 REM 
200 REMGm 
210 T1=TI:F0R X-1 TO Q3% 
220 P0KEC2(C1) ,0%:D%(0,X)=PEEK(C2(C1)) 
23 0 P0KEC2 (C2) ;0%:D% ( 1,X) =PEEK(C2(C2) ) 
24 0 P0KEC2 (C3),0%:D%(2,X) =PEEK(C2 (C3) ) 
250 FOR Z=1 TO D%:NEXT:NEXT:T1=TI-T1 
260 REMGp 
270 RETURN 
280 FAST 
290 REM . 
300 REM rounding functions 
310 REM 
320 DEF FNR(R) = (INT(R+.5)) 
330 DEF FNR2(R) = (INT(100*R+.5))/100 
340 DEF FNR3(R) = (INT(1000*R+.5))/1000 
350 DEF FNR4(R)"(INT(10000*R+.5))/10000 
360 DEF FNR6(R) = (INT(lE+06*R+.5))/lE+06 
370 REM 
380 REM define functions to 
390 REM convert digital values 
400 REM to volumes, flows, and pressures 
410 REM 
420 DEF FNV(V) = (((V+(PV(PV,3)-TZ)))*PV(PV,1)+PV(PV,2)) 
430 REM cal 12/18 
440 DEF FNF(F) = (((F+(PV(PF,3)-FZ))*PV(PF,l)+PV(PF,2))/60) 
450 REM cal 12/18 
460 DEF FNP(P) = (((23 0-(PZ-P))) *.1152-26.49) 
470 REM cal 01/22 (5*.01) 
480 DEF FNPC (P) = (PC(PC, 3) - (BL-P) ) *PC(PC, 1) +PC(PC,2) 
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490 60SUB 500:GOTO 540 
500 VOL 10;SOUND1,15000,5:RETURN 
510 V0L6:SOUND 1,4096,10 
520 V0L5:S0UND1,8192,5:RETURN 
530 FOR X2=3 TO 1 STEP-l:VOL5*X2 
535 SOUND1,5000*X2,8;NEXT;RETURN 
540 
550 S1$=S1$+" " 
560 REM 
570 REM initialize variables used in the program 
580 REM 
590 X=0:A=X;AV=X;A0=XiAl=»X:A2=X 
600 A3=X:A4=X:A5=X:A6=X:A7=X:A8=X:A9=X 
610 BP»X : BL=X: BT=X: C=X: CA=X: CH=X: CL=X 
620 CR=X: CT=X : CT%=X: C1=X: C2-X: C3=X: C9=X 
630 D=X:DF%=X:D1%=X:D2%=X:D2=X:D3=X:D4=X:D9=X:DT=X:DW=X 
640 EP=X:ET=X:F1%=X:F2%=X 
650 FA%=X:F%=X:F=X:FZ=X:F3=X:GR%=X 
660 HD=X:HI=X:HS=X:HZ=X:I=X:IN=X;IT=X 
670 K1=X:K2=X:K3=X:K4=X 
680 LD=X: LS=X:LO=X:LL=X:LT=X:LZ=X 
690 M=X:M1=X:M3=X:M7=X:M8=X:M9=X:MC=X:MN=X:MX=X 
700 N=X:NC=X:NB=X:0%=X:01=X:02=X 
710 PA=X : PB=XI PE=X: PF=X: PF%=X: PV=X: PZ=X: P3=X 
720 Q?X:QA=X:QB=X:Q1=255:Q2=X:Q3=1500 
730 RA-X:RR=X:RS=X:R2=X:R3=X:R4=X 
740 S 1=X: S2 =X: SC-X: SD=X:SP=X: SQ=X 
750 TA=X:TB=X:TE=?::TF=X:TV=X:TZ=X:T0=X:T1=X:T2=X:T3=X:T9=X 
760 V=X:VC=X:VD=y vO=X:W=X:WT=X 
770 X1=X:X2=X:X3=X:Y=X:XS=X:Y2=X:Z=X;Z3=X 
780 L$="":R$=CHR$(13) :W$="":A$="":F$="":YN$="";BP$=CHR$(7) 
790 CD$=CHR$(17) :RN$=CHR$ (18) :CH$=CHR$(19) :CR$=CHR$(29) 
800 CU$=CHR$ (145); RO$=CHR$ (146); CS$=CHR$ (147) ; CL$=CHR$ (157) 
810 REM 
820 REM define the arrays used in the program 
830 REM 
840 DIM D%(2,2050),TD%(320),C1(3),MN(30),MX(30) 
850 DIM X(30),Y(30) ,L1$(3),C0(7) 
860 DIM PC(9,3),PC$(9),CC(3),PV(6,3),PV$(6),PX(2,30) 
870 DIM L(151) 
880 DIM C2(16),Z(3) 
890 FOR X=0 TO 16;C2 (X)=57088+X;NEXT 
900 FOR X=1 TO 9;FOR Y=1 TO 3 
910 READPC(X,Y) ;NEXT;READPC$(X) ;NEXT 
920 REM 
930 REM data statements containing the 
940 REM slope, intercept, and baselines for the 
950 REM calibration functions for arterial pressure. 
960 REM 
970 DATA 2.692,-124.2,47,"Ch4 10*.1" 
980 DATA 1.346,-62.1,4^7,"Ch4 5*.l" 
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990 DATA .538,-24.8,47,"oh4 2*.l" 
1000 DATA .419,-12.48,30,"Ch5 5*.l" 
1010 DATA .168,-4.457,25,"Ch5 2*.l" 
1020 DATA .115,-1.959,18,"Ch5 l*.l" 
1030 DATA 1.944,-78.6,41,"Ch6 10*.1" 
1040 DATA .972,-39.3,41,"Ch6 5*.l" 
1050 DATA .388,-15.72,41,"ch6 2*.l" 
1060 FOR X=1 TO 6 
1065 FOR Y=1 TO 3:READPV(X,Y) ;NEXT:READPV$(X) iNEXT 
1070 REM 
1080 REM data statements containing slopes and Intercepts 
1090 REM for the tidal volume and flow functions. 
1100 REM 
1110 DATA 3.352,-421.3,127,"flow/tV 5/20":REM cal 1/11/86 
1120 DATA 8.618,-1091,127,"flow/tV 5/50" 
1130 DATA 1.682,-213.4,127,"flow/tv 5/10" 
1140 DATA 3.453,-437,127,"flow/tv 2/50" 
1150 DATA .6878,-86.79,125,"flow 5.0*1.0" 
1160 DATA .2665,-33.85,126,"flow 2.0*1.0" 
1170 FOR X=1 TO 3:READL1$(X);NEXT 
1180 DATA " 1. ventricle", " pul. art.", " aortic" 
1190 REM 
1200 REM Main menu 
1210 REM 
1220 SL0W:L$="128 a/d board menu":GOSUB 7260:GOSUB 500 
1230 PRINTCD$" "RN$" 1 "R0$" lung mechanics" 
1240 PRINTCD$" "RN$" 2 "R0$" pressure channels" 
1250 PRINTCD$" "RN$" 3 "R0$" fast screen" 
1260 PRINTCD$" "RN$" 4 "R0$" cardiac output":GOSUB 500 
1270 PRINTCD$" '!RN$" 5 "R0$" vo2 measurement" 
1280 PRINTCD$" "RN$" 6 "R0$" secondary menu" 
1290 GETW$:W=INSTR("123456",W$):IF W=0 THEN 1290 
1300 VOL5:SOUND1,20000-W*3000,5 
1310 ON W GOTO 1950,2450,7000,5070,7190,1350 
1320 REM 
1330 REM Secondary menu 
1340 REM 
1350 L$="secondary menu":GOSUB 7260 
1360 PRINTCD$" "RN$" 1 "R0$" min/max routine" 
1370 PRINTCD$" "RN$" 2 "R0$" channel scan" 
1380 PRINTCD$" "RN$" 3 "R0$" print comment" 
1390 PRINTCD$" "RN$" 4 "R0$" print directory" 
1400 PRINTCD$" "RN$" 5 "R0$" return to primary menu" 
1410 PLAY"vlo5t8u8x0qfqd" 
1420 GETKE YW$ : W=INSTR ( "12 3 4 5", W$ ) : IF W=0 THEN 1420 
1430 VOL5:SOUND1,20000-W*3000,5 
1440 ON W GOTO 1720,1590,1530,1480,1220 
1450 REM 
1460 REM read directory 
1470 REM 
1480 DIRECTORY 
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1490 REM 
1500 REM print a comment on the printer 
1510 REM 
1520 PRINTBP$;"hit any key to continue":GETKEYA$:GOTO 1220 
1530 PRINTCD$CD$RN$"enter comment":INPUTA$ 
1540 0PEN4,4:PRINT#4:PRINT#4,CHR$(14)"comment at time:"TI$ 
1550 PRINT#4,A$;PRINT#4:CL0SE4:G0T0 1220 
1560 REM 
1570 REM channel scan 
1580 REM 
1590 L$="C-128 a/d test":GOSUB 7260 
1600 PRINT"enter which channels to scan 1,8"; 
1605 PRINTCL$CL$CL$CL$CL$;: INPUT SC,CR 
1610 SC=SC-1:CR=CR-1 
1620 B$-CH$+CD$+CD$+CD$+CD$:L$=" "+CL$+CL$+CL$+CL$ 
1630 INPUTSCfCR 
1640 PRINTCS $ : F=3 4 : A$="" : DO UNTIL A$=" " 
1650 PRINTB$:FOR R=SC TO CR:P0KEC2(R) ,0%;P=PEEK(C2(R)) 
1660 PRINTL$;P;TAB(5);MID$(S1$,40-P/8,F);PRINT 
1670 IF P>254 OR P<1 THEN GOSUB 500 
1680 NEXT:GETA$:LOOP:GOTO 1220 
1690 REM 
1700 REM routine used for calibration of tidal volume. 
1710 REM 
1720 CH=2:PRINT"getting zero";Z=0 
1730 FOR X=1 TO 2 0 : P0KEC2 (CH), 0% : Z=Z+PEEK ( C2 ( CH) ) : NEXT 
1740 PRINT"hit any key":GETKEYA$ 
1750 PRINTCS$"min/max routine";CD$CD$CD$ 
1760 PRINT"count","min"," max":PRINT 
1770 FOR X=1 TO 5 : MN (X) =0 : MX (X) =0 : NEXT: MN=Q1 : MX=0 : CT=0 
1780 DO WHILE CT<5:P0KECH,0% 
1790 DO WHILE PEEK(CH) >LZ : POKECH, 0%: LOOP 
1800 DO WHILE PEEK (CH) <=MN : MN=PEEK ( CH) : POKECH, 0% : LOOP 
1810 CT=CT+1 : MN (CT) =MN: PRINTCT, MN (CT), :MN=Q1 
1820 DO WHILE PEEK(CH)<HZ:POKECH,0%:LOOP 
1830 DO WHILE PEEK(CH) >=MX:MX=PEEK(CH) :P0KECH,0%:L00P 
1840 MX (CT) =MX: PRINTMX(CT) :MX=0:LOOP 
1850 REM average 
1860 PLAY"vIo5t8u8x0scsdsesdscsbqa" 
1870 A1=0:A2=0:FOR X=1 TO CT:A1=A1+MN(X) :A2=A2+MX(X) :NEXT 
1880 A1=FNR(A1/CT) :A2=FNR(A2/CT) 
1890 PRINT:PRINT"avg",Al,A2 
1900 PRINT"dif f",Z-Al,A2-Z:PRINT"another one?" 
1910 GETKEYA$:IF A$="y" THEN 1750:ELSE GOTO 1220 
1920 REM 
1930 REM lung mechanics 
1940 REM 
1950 L$="lung mechanics":T2=0:GOSUB 7260 
1960 GOSUB 7 07 0 : GETKEYW$ : GOSUB 500 
1970 W=INSTR("123",W$):IF W=0 THEN 1960 
1980 ON W GOTO 2030,2140,1220 
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1990 REM 
2000 REM routine for loading data from disk 
2010 REM 
2020 DIRECTORY"rsp*" 
2030 PRINT"enter file to load rsp*"CL$CL$CL$CL$CL$CL$; 
2040 INPUTF$ 
2050 PRINT"loading data from "F$ 
2060 0PEN2,8,2,F$+",seq,r":D1%=1 
2070 FAST:FOR X=1 TO Q3 
2080 FOR Z=0 TO 2:INPUT#2,D%(Z,X) :NEXT;NEXT:IF ST THEN 2100 
2090 FC$="none": INPUT#2, FC$ 
2100 FOR X=0 TO 2 : Z (X) =3 6 : NEXT: CL0SE2 : SLOW: GOTO 2220 
2110 REM 
2120 REM collecting new data 
2130 REM 
2140 PRINTCU$CU$CU$" 2 "CD$CD$CD$CD$ 
2150 PRINT"enter delay 45"CL$CL$CL$CL$;:INPUTD% 
2160 Q3%=1500:C1=9:C2=1:C3=2:Q3=1500 
2170 PRINTCS$RN$" sampling..." 
2180 FAST:GOSUB 200:SLOW:T2=»(T1/Q3%)/60:GOSUB 500 
2190 L$="lung mechanics";GOSUB 7260 
2200 PRINT" sample period ="FNR2 (Tl/60)"sec" 
2210 PRINT" sampling freq ="FNR2(1/T2)"hz" 
2220 GOSUB 7130:PRINT" "RN$"i"RO$"mpress everyone" 
2230 GETKEYA§:W=INSTR("gprsi",A$):IF W=0 THEN 2230 
2240 GR%=0:GOSUB 500:ON W GOTO 2390,4010,1220,2290,2250 
2250 GR%=1:G0T0 4010 
2260 REM 
2270 REM save data to disk 
2280 REM 
2290 PRINTCU$CU$CU$CU$CU$CU$" s"CD$CD$CD$CD$ 
2300 PRINTRN$" please enter comments" 
2310 PRINT" none "OL$CL$CL$CL$CL$CL$CL$CL$;:INPUTA$ 
2320 F$="rsp "+DAS+" "+LEFT$(TI$,4) 
2330 PRINTRN$" saving "F$:F$=F$+",S,W":0PEN2,8,2,F$ 
2340 FAST:FOR X=1 TO Q3:F0R Z=0 TO 2 
2345 PRINT # 2, D% ( Z, X) : NEXT : NEXT 
2350 PRINT#2,A$:CLOSE2:SLOW:GOTO 2220 
2360 REM 
2370 REM graphing the three respiratory channels 
2380 REM 
2390 SLOW:GRAPHIC1,1:SCALE1,Q3,768:S1=INT(Q3/320) 
2400 FOR Z=0 TO 2:Q=Q1+(256*Z) 
2410 FOR X=1 TO Q3 STEPS 1:DRAW 1,X,Q-D%(Z,X) :NEXT:NEXT 
2420 CHAR 1,16,0,"hit any key to continue" 
2430 GOSUB 500:GETKEYA$:GRAPHICO:GOTO 2230 
2440 REM 
2450 REM blood pressure pressure channels 
2460 REM 
2470 L$="pressure channel recordings":GOSUB 7260:GOSUB 7070 
2480 GETKEYW$:W=VAL(W$) :IF W<1 OR W>3 THEN 2480 
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2490 ON W GOTO 2850,2530,1220 
2500 REM 
2510 REM check to see if all channels plugged in 
2520 REM 
2530 FOR X=1 TO 3 : Y=57 09 0+X : POKEY, 0% : X (X) =PEEK ( Y) : NEXT 
2540 F%=0:FOR X=1 TO 3:IF X(X)>250 THEN F%=X+3:G0SUB 530 
2550 NEXT:IF F%=0 THEN 2620 
2560 PRINT"channel "F%" is unplugged" 
2570 PRINT"hit any key to continue" 
2580 GETKEYA$:GOTO 2470 
2590 REM 
2600 REM collect data from the 3 blood pressure channels 
2610 REM 
2620 PRINTCU$CU$CU$" 2 "CD$CD$CD$CD$ 
2630 PRINT"enter delay 1"CL$CL$CL$; 
2640 INPUTD%:Q3%=1000:Cla'3:C2=4:C3=5:Q3=1000 
2650 FAST:GOSUB 200:SLOW:T2=(T1/Q3%)/60;GOSUB 500 
2660 L$="pressure channel recordings" :GOSUB 7260 
2670 PRINT" sample period ="FNR2 (Tl/60) "sec" 
2680 PRINT" sampling freq ="FNR2(1/T2)"hz" 
2690 GOSUB 7130:PRINT" "RN$"i"RO$"mpress everyone" 
2700 GETKEYA$:W=INSTR("gpsri",A$):IF W=0 THEN 2700 
2710 GR%=0:GOSUB 500:ON W GOTO 2940,3040,2750,1220,3030 
2720 REM 
2730 REM save collected data to disk 
2740 REM 
2750 PRINT"enter comment none"CL$CL$CL$CL$CL$CL$;:INPUTFC$ 
2760 F$="prs "+DA$+" "+LEFT$(TI$,4) 
2770 OPEN4,4:PRINT#4 
2775 PRINT#4,"saving file: "F$:PRINT#4:CL0SE4 
2780 PRINT"saving file; f$;f$=f$+",SEQ,W" 
2790 OPEN2,8,2,F$;FOR X=1 TO Q3 
2800 FOR Z=0 TO 2:PRINT#2,D%(Z,X) :NEXT:NEXT 
2810 PRINT#2,FC$:CL0SE2:GOTO 2690 
2820 REM 
2830 REM read saved file from disk 
2840 REM 
2850 DIRECTORY"prs*":Dl%=l 
2860 PRINT"enter file to load prs*"CL$CL$CL$CL$CL$CL$; 
2870 INPUTF$ 
2880 PRINT"loading data from "RN$F$:0PEN2,8,2, F$+",seq,r" 
2890 FAST:FOR X=1 TO Q3:F0R Z=0 TO 2 
2895 INPUT#2,D%(Z,X):NEXT:NEXT 
2900 FOR X=0 TO 2 : Z (X) =3 6 : NEXT: CL0SE2 : SLOW: GOTO 2690 
2910 REM 
2920 REM graph pressure data on screen 
2930 REM 
2940 GOSUB 2950 : GETKEYA$ : SCALEO : GRAPHICO : GOTO 2700 
2950 GRAPHIC 1, l;SCALEl,Q3,768:Sl=INT(Q3/320) 
2960 FOR Z=0 TO 2:BL=Z(Z) :Q=Q1+(256*Z) 
2970 FOR X=1 TO Q3 STEPS 1:DRAW 1,X,Q-D%(Z,X) :NEXT 
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2980 DRAW 1,1,Q-BL TO Q3,Q-BL;NEXT 
2990 RETURN 
3000 REM 
3010 REM process pressures 
3020 REM 
3030 GR%=1:Q2-Q3:Q3=320 
3040 PRINT"pressure channel baselines are:" 
3050 FOR X=0 TO 2:PRINT"chan "X+4,Z(X):NEXT 
3060 PRINT"ok y"CL$CL$CL$;;INPUTA$;IF A$="y" THEN 3150 
3070 L$="baseline pressure channels":GOSUB 7260 
3080 PRINT"open pressure transducers to air" 
3090 PRINTCD$"hit any key":GETKEYA$ 
3100 PRINT"getting zeros...":FOR X=0 TO 2:Z(X) =0:Cl=57091+x 
3110 FOR Y=1 TO 50 : POKECl, 0% : Z (X) =Z (X) +PEEK(C1) : NEXT 
3120 Z (X) =FNR(Z (X)/50) zNEXT 
3130 PRINTCD$"baselines are" 
3140 FOR X=0 TO 2:PRINT"chan "X+4,Z(X):NEXT 
3150 IF CC(1)=0 THEN 3180 
3160 PRINT"are sensitivities ok y"CL$CL$CL$; 
3170 INPUTA$:IF A$="y" THEN 3230 
3180 PRINT"select sensitivity for the channels" 
3190 FOR Z=0 TO 2 : QA=1+Z * 3 : QB=QA+2 
3200 FOR X=QA TO QB:PRINTX,PC$(X) :NEXT 
3210 GETA$:PC=VAL(A$):IF PC<QA OR POQB THEN 3210 
3220 PRINT:CC(Z)=PC:NEXT 
3230 FAST:IF GR%=1 THEN GOSUB 2950:SLOW 
3240 REM 
3250 REM print headings for calculated data on printer 
3260 REM 
3270 0PEN4,4:PRINT#4:PRINT#4,"cardiac values ";:GOSUB 6870 
3280 PRINT#4,"base mean heart "; 
3290 PRINT#4,"systolic diastolic pulse dp/dt" 
3300 PRINT#4,"line press rate "; 
3310 PRINT#4,"pressure pressure press" 
3320 0PEN3,4,1:0PEN5,4,2 
3330 A$="999 999.9 999.9 999.99 " 
3340 REM 
3350 REM 2160-2200 calcuate mean value 
3360 REM 
3370 A$=A$+ "999.99- 999.99 9999.9":PRINT#5,A$ 
3380 ND$=" can't read":FOR Z=0 TO 2 
3385 BL=Z (Z) :PRINT"channel"Z+4 
3390 PC=CC(Z):MX=0:M9=0:FOR X=1 TO Q3 STEP4:M9=M9+D%(Z,X) 
3400 IF D%(Z,X)>MX THEN MX=D%(Z,X) 
3410 NEXT:M9=M9/(Q3/4):UW=.6*(MX-M9)+M9 
3420 PRINT"mean pressure"FNR(M9) 
3430 IF GR% THEN BEGIN:SCALE1,Q3,768 
3440 Q=Q1+(256*Z);DRAW1,1,Q-M9 TO Q3,Q-M9 
3450 DRAW 1,1,Q-UW TO Q3,Q-UW;BEND 
3460 SQ=0:FOR X=1 TO 20 
3465 D=D%(Z,X)-M9:SQ=SQ+D*D:NEXT:SD=SQR(SQ/20) 
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3470 PRINT#3,BL;FNPC(M9); 
3480 IF SD<2 THEN PRINTND$:PRINT#4,ND$:GOTO 3970 
3490 D%(Z,Q3)=255:D%(Z,Q3+l)=-255 
3500 D%(Z,Q3+2)="255:D%(Z,Q3+3)=-255 
3510 M2=0:CT=0:MX=0:X2=2:Y2=Q3-3 
3520 IF Z THEN X2=PX(0,1) :GOTO 3540 
3530 DO WHILED%(Z,X2)>M9;X2=X2+5;L00P 
3540 IF Z=1 THEN UW=M9 
3550 REM 
3560 REM search for maximums (systole) 
3570 REM 
3580 FOR X1=X2 TO Y2 STEP 5;IF D%(Z,X1)>M9 THEN 3670 
3590 DO WHILE D%(Z,X1) <UWAND X1<Y2 :Xl=Xl+2 : LOOP 
3600 DO WHILE D% ( Z, XI) <D% (Z, Xl+1) : X1=X1+1 : LOOP 
3610 MX=X1:IF X1>Y2 THEN 3670 
3620 CT=CT+l:PX(Z,CT)=MX;M2=0:IF Z=0 THEN PX(0,0)=CT 
3630 IF GR%=0 THEN 3660 
3640 SCALE1,Q3,768:Q=Q1+(256*Z) 
3650 DRAW1,PX(Z,CT),Q-BL TO PX(Z,CT),Q-D%(Z,PX(Z,CT)) 
3660 IF ZANDCT<PX(0,0) THEN X1=PX(0,CT+1)-10:ELSEXl=Xl+30 
3670 NEXT:TF=T1/60:IF TF=0 THEN TF=2 
3680 IF CT<3 THEN PRINT#4,ND$,:GOTO 3960 
3690 M4=0:FOR X=1 TO CT-1:M4=M4+(PX(Z,X+1)-PX(Z,X) ) ;NEXT 
3700 M4=M4/(CT-1) :M3=60/(M4*(TF/Q3)) 
3705 PRINT"heartrate="FNR(M3) 
3710 M7=0:FOR X=1 TO CT: M7=M7+D% (Z, PX(Z, X) ) : NEXT: M7=M7/CT 
3720 REM 
3730 REM at each systole, search backwards 
3740 REM for minimum (diastole) 
3750 REM 
3760 FOR X=2 TO CT;X1=PX(Z,X) ;MN=Q1 
3770 DO WHILE D%(Z,XI)>M9:X1=X1-1:LOOP 
3780 DO WHILE D%(Z,X1)<D%(Z, Xl+1) : Xl=Xl-2 : LOOP: MN (X) =X1 
3790 NEXT:M8=0:FOR X=2 TO CT:M8=M8+D%(Z,MN(X)) :NEXT 
3795 M8=M8/(CT-1) 
3800 PRINT"avg end diastolic press:"FNR(FNPC(M8)) 
3810 PRINT"pulse pressure;"FNR(FNPC(M7)-FNPC(M8)) 
3820 REM 
3830 REM between diastole and systole, calculate dp/dt 
3840 REM 
3850 FOR X=2 TO CT;R2=.l* (D% (Z, PX(Z,X) )-D%(Z,MN(X) ) ) 
3860 X1=PX(Z,X):X2=MN(X) 
3870 R3=D%(Z,PX(Z,X) )-R2:R4=D%(Z,MN(X))+R2*2 
3880 DO WHILED% (Z, XI) >R3 : X1=X1-1 : LOOP 
3890 DO WHILED% (Z, X2) <R4 : X2=X2+1 : LOOP 
3900 X(X)=X1-X2:IF X(X)=0 THEN X2=X2-1:X(X)=1 
3910 IF GR% = 0 THEN 3920 
3915 FOR X3=X2 TO X1:DRAW1,X3,Q-BL TO X3,Q-D%(Z,X3):NEXT 
3920 Y(X)=FNPC(D%(Z,X1))-FNPC(D%(Z,X2)):NEXT 
3930 T9=TF/Q3;X(0)=0 
3935 FOR X=2 TO CT : X ( 0 ) =X ( 0 ) +Y (X) / (X (X) *T9) : NEXT 
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3940 X(0)=»X(0)/(CT-1) :PRINT"avg dp/dt;"X(0)"mm hg/sec" 
3950 PRINT#3,M3,FNPC(M7),FNPC(M8), 
3955 PRINT#3,FNR(FNPC(M7)-FNPC(M8)),X(0); 
3960 PRINT#4,L1$(Z+1) 
3970 NEXT : PRINT#4: CLOSES : CL0SE4 : CL0SE5 
3980 IF GR% THEN Q3=Q2:GETKEYA$:GRAPHIC0 
3990 SLOW:GOTO 2690 
4000 REM 
4010 REM process resp channels 
4020 REM 
4030 IF PV>0 THEN 4090 
4040 PRINT: FOR X=1 TO 4;PRINTX;". ";PV$(X) : NEXT: PRINT 
4050 PRINT"select flow/volume sensitivity 
4060 PF=5:IF PV=4 THEN PF=6 
4070 INPUTPV 
4080 IF PV<1 OR PV>4 THEN 4040:ELSE2710 
4090 PRINT"current setting is "RN$;PV$(PV): 
4100 PRINT" is that ok y"CL$CL$CL$;;INPUTA$ 
4110 IF A$<>"y" THEN 4040 
4120 REM 
4130 REM find zero, or baseline for then tidal volume 
4140 REM channel (ch. 2) 
4150 REM 
4160 FAST ; Y2=Q3-2 : TZ=0 :PZ=0: FZ=0 : CT=1 : IN=10 
4170 PRINTCS$CD$"processing..."; 
4180 KT=0:AV=0:IF (CT+IN)<Y2 THEN 4200 
4190 PRINT"can't find a zero":CT=l:IN=IN-2:GOTO 4180 
4200 DO WHILE D%(2,CT)>140 OR D% (2, CT) <120 : CT=CT+2 : LOOP 
4210 PRINT".";:FOR X=CT TO CT+IN 
4220 KT=KT+l:X(KT)=D%(2,X) ;AV=AV+X(KT) :NEXT 
4230 AV=AV/KT:IF AV>140 OR AV<120 THEN CT=CT+3:G0T0 4180 
4240 SQ=0:FOR X=1 TO KT:D=X(X)-AV;SQ=SQ+D*D:NEXT 
4245 SD=SQR(SQ/(IN)) 
4250 IF SD>1 THEN CT=CT+3:G0T0 4180 
4260 TZ=FNR(AV) : PRINT ;PRINT"tidal volume zero ="TZ 
4270 FOR X=CT TO CT+IN:PZ=PZ+D%(0,X) :FZ=FZ+D%(1,X) :NEXT 
4280 FZ=FNR(FZ/KT):PZ=FNR(PZ/KT) 
4290 PRINT"flow zero ="FZ:PRINT"esophagea 1 press zero ="PZ 
4300 IF GR%=0 THEN 4430 
4310 GRAPHIC1,1:SCALE1,Q3,768 
4320 FOR Z=0 TO 2:Q=Q1+256*Z:F0R X=1 TO Q3 
4325 DRAW1,X,Q-D%(Z,X):NEXT 
4330 NEXT:SLOW:C1=CT-1 :C2=CT+IN+1 
4340 DRAW1,C1,2 TO C1,768:DRAW1,C2,2 TO C2,768 
4350 GETKEYA$ 
4360 T%=Q1-TZ+512:F%=Ql-FZ+2 56:P%=Q1-PZ 
4370 DRAW1,1,P% TO Q3,P%;DRAW1,1,F% TO Q3,F% 
4375 DRAW1,1,T% TO Q3,T% 
4380 REM 
4390 REM find minimums in tidal volume channel 
4400 REM 
Ill 
4410 FOR X=Q3 TO Q3+6:D%(2,X)=0:NEXT 
4420 FOR X=Q3+7 TO Q3+15:D%(2,X)=255:NEXT 
4430 MN=Ql:MC=0:UW=TZ-5:Y=TZ-15:Y2=Q3-2 
4440 Xl=l : DOUNTILD% (2, XI) >Y:Xl=Xl+2 : LOOP 
4450 FOR X=X1 TO Y2 STEPS:IF D%(2,X)>Y THEN 4480 
4460 DO WHILE D% ( 2, X) >=D% ( 2, X+1) ANDX< Y2 : X=X+1 : LOOP 
4470 IF X<Y2 THEN MC=MC+1 :MN(MC) =X:X=X+25:MN=TZ 
4480 NEXT:PRINT"have found"MC" breaths" 
4490 IF MC<1 THEN SLOW:GOTO 2430 
4500 IF GR%=0 THEN 4580 
4510 SL0W:X=1:D0 UNTILX>MC 
4520 REM 
4530 DRAW1,MN(X),1 TO MN(X),768:X=X+1:L00P 
4540 REM calculate values for minimums, 
4550 REM then compliance, inspiratory work. 
4560 REM 
4570 REM i.e. volume, esophageal pressure, 
4580 OPEN4,4:PRINT#4:PRINT#4,CHR$(14)"lung mechanics" 
4590 PRINT#4,"sample period:";FNR2(Tl/60) ; 
4600 PRINT#4," sec sample freq:"; 
4610 PRINT#4,FNR(1/T2);" hz" 
4620 Y(0)=0:TA=0;CA=0;FA=0:RA=0:GOSUB 6870 
4630 IF D1%=1 THEN PRINT#4,"comment: ";FC$ 
4640 A$»»"tidal vol compliance " 
4650 A$ = A$ + "resistance insp work(l*cmh2o)" 
4660 PRINT#4,A$ 
4670 FOR X=1 TO MC:TV=0:PE=0:RS^O 
4680 PE—FNR2 (FNP(D%(0,MN(X)+1))) 
4690 TV=-FNR(FNV(D%(2,MN(X) ) ) ) :TA=TA+TV 
4700 CL=FNR2 (TV/PE) :CA=CA+CL 
4710 REM 
4720 REM calculate resistance at 50 & 75 percent 
4730 REM of tidal volume, then average. 
4740 REM 
4750 TR=TZ-D%(2,MN(X)) 
4760 FOR Z=1 TO 3:L(Z)=TZ-Z*(.25*TR):NEXT:Z=MN(X) 
4770 FOR Z2=3 TO 2 STEP-1 
4780 DO WHILED%(2,Z)<L(Z2):Z=Z-1:L00P 
4790 M1=Z:IF 6R% AND M1<Q3 THEN DRAW1,M1,2 TO Ml,768 
4800 F3=0:P3=0:T3=0 
4810 FOR Z3=M1-1 TO Ml+1 
4820 F3=F3+D%(1,Z3) :P3=P3+D%(0,Z3):T3=T3+D%(2,Z3):NEXT 
4830 F3=-FNF(F3/3) :P3=-FNP(P3/3) ;T3=-FNV(T3/3) 
4840 R2=FNR2((P3-(T3/CL))/F3) 
4850 RS =RS+R2 : NEXT: RS=FNR2 (RS/2) :RA=RA+RS 
4860 PRINT#4,TV,CL,RS, 
4870 Z2=D%(0,MN(X));Y(X)=0 
4880 FOR Z3=MN(X)-1 TO MN(X)+1:Z2=Z2+D%(0,Z3) :NEXT 
4890 Z2=FNP(Z2/4):Y(X) = (FNV(D%(2,MN(X)))*Z2)/1000 
4900 PRINT#4,FNR2(Y(X)) :Y(0)=»Y(0)+Y(X) 
4910 NEXT : Y ( 0 ) =FNR2 ( Y (0) /MC) : RA=FNR2 (RA/MC) 
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4920 CA=FNR2 (CA/MC) :TA=FNR(TA/MC) 
4930 PRINT#4,"average":PRINT#4,TA,CA,RA,Y(0) 
4940 IF MC<2 THEN RR=MC*60/(Tl/60) :GOTO 5030 
4950 IF T2=0 THEN T2=.0176:T1=1058 
4960 REM 
4970 REM calculate resp rate and minute ventilation 
4980 REM 
4990 AV=0:FOR X=MC TO 2 STEP-1:AV=AV+(MN(X) -MN(X-l) ) :NEXT 
5000 AV= (AV/ (MC-1) ) *T2 
5010 AV=FNR2 (60/AV) :AV=AV+MC*60/ (Tl/60) :RR=FNR2 (AV/2) 
5020 PRINT#4/'resp rate="RR/'min vol ="FNR(RR*TA) 
5030 PRINT#4:CL0SE4:SLOW:GOSUB 500:IF GR% THEN 
2420:ELSE1440 
5040 REM 
5050 REM cardiac output 
5060 REM 
5070 L$="thermodilution cardiac output" 
5075 GOSUB 7260:DF%=0:F2%=0 
5080 GOSUB 7070:GETKEYW$:W=VAL(W$);IF W<1 OR W>3 THEN 5080 
5090 ON W GOTO 5130,5230,1220 
5100 REM 
5110 REM load saved data from disk 
5120 REM 
5130 DIRECT0RY"c.O.*" 
5140 D1%=1 :INPUT"enter file to load";F$ 
5150 PRINT"loading data from "RN$;F$ 
5160 0PEN2,8,2, " 0 : "+F$+", seq, r": FAST 
5170 FOR X=1 TO 320:INPUT#2,TD%(X) :NEXT 
5180 INPUT#2,T0,C9,BT,DW,M3,SV,D9 
5190 CL0SE2:DF%-1:SLOW:GOTO 5830 
5200 REM 
5210 REM collect new data 
5220 REM 
5230 PRINTCU$CU$CU$" 2 "CD$CD$CD$CD$ 
5240 FOR X=1 TO 7:CO(X)=0;NEXT 
5250 REM d2% = delay value. q3% = number of samples 
5260 D2%=55:Q3%=320 
5270 REM 
5280 REM test to see if all pressure channels plugged in 
5290 REM 
5300 FOR X=1 TO 3:Y=57090+X 
5310 FOR Z=1 TO 10 : POKE Y, 0% : X (X) =X (X) +PEEK ( Y) : NEXT 
5320 X(X)=X(X)/10:NEXT 
5330 F%=0:FOR X=1 TO 3 
5340 IF X(X)<45 THEN F%=X+3 :PRINTBP$"channel "F%" isn't on" 
5350 NEXT:IF F%=0 THEN 5380 
5360 PRINT"hit any key to continue" 
5370 GETKEYA$;GOTO 5070 
5380 FOR X=1 TO 10:GOSUB 500:NEXT:C1=57096 
5390 REM 
5400 REM get baseline 
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5410 REM 
5420 L$="waiting for pulse":GOSUB 7260 
5430 P0KEC1,0%:D0 UNTIL PEEK(Cl)>80:POKECl,O%;LOOP 
5440 FOR X=1 TO 6;VOL10 
5445 SOUND 1, (8000+X*200) ,20-X*2:NEXT;SLEEPl 
5450 L$="getting baseline":GOSUB 7270 
5460 FOR X=1 TO 50:POKECl,O%:TD%(X)=PEEK(Cl):NEXT 
5470 AV=0:FOR X=1 TO 5 0 : AV=AV+TD% (X) : NEXT : AV=AV/ 50 : SQ=0 
5480 IF AV>30 THEN GOTO 5490:ELSE3650 
5490 FOR Z=1 TO 3:VOL10:SOUND1,800,lOzSOUNDl,4000,lOzNEXT 
5500 PRINTCS$ : CHAR 1,8,12, "baseline is unacceptable", 1 
5510 SLEEPlOzGOTO 5380 
5520 FOR X=1 TO 50:D=TD%(X)-AV:SQ=SQ+D*D:NEXT 
5530 SD=SQR(SQ/(49)):IF SD<.5 THEN SD=.5 
5540 SW=AV+5*SD:GOSUB 500 
5550 GRAPHIC1,1:BOX1,0,0,319,199:SCALE1,320,256 
5560 SLEEP2:DRAWl,0,255-FNR(AV) T0320,255-FNR(AV) :GOSUB500 
5570 REM 
5580 REM Program has baseline and now waits for 
5590 REM the thermistor value to exceed a low limit 
5600 REM value before initiating data collection. 
5610 REM Program will collect 320 points for a curve, 
5620 REM then collect data from blood pressure channels 
5630 REM for calculation of heart rate and 
5640 REM vascular resistances. 
5650 REM 
5660 P0KEC1,0%;IF PEEK (CI) <SW THEN 5660 
5670 T1=TI:F0R X=1 TO 320 
5680 P0KEC1,0%;TD%(X)=PEEK(C1) 
5690 DRAWl,X,Q1-TD%(X);FOR Z-1 TO D2%:NEXT:NEXT 
5700 T1=TI-T1 
5710 L$="thermodilution cardiac output":GOSUB 7260 
5720 IP FNR2 (SD) >2 THEN 5730:ELSE3750 
5730 PRINT" baseline "FNR2(AV)" "RN$"S.d. "FNR2(SD) 
5740 PRINT:GOTO 5760 
5750 PRINT" baseline "FNR2(AV)" s.d. "FNR2(SD):PRINT 
5760 Tl=320/(Tl/60) 
5770 PRINT" sampling frequency;"FNR2(T1)"samples/sec" 
5780 T0=1/T1 : PRINT" sample interval :"FNR4 (TO) "sec/sample" 
5790 D%='1:C1=3:C2=4:C3=5:Q3%=1000:Q3=1000 
5795 FAST:GOSUB 200:SLOW 
5800 CHAR 1,15,0,"press any key to continue" 
5810 PLAY"vlo4t9u8x0qbeg" 
5820 GETKEYA$:GRAPHICO 
5830 GOSUB 7130:PRINT" "RN$"a"RO$"nother curve" 
5840 GETKEYA$:W=INSTR("gpsar",A$) : IF W=0 THEN 5840 
5850 GOSUB 500;ON W GOTO 5920,5960,5860,5380,6770 
5860 GOSUB 5870:GOTO 5830 
5870 F$="c.O. "+DA$+" "+LEFT$(TI$,4) 
5880 PRINT"saving "F$:F$="0:"+F$+",seq,w" 
5890 OPEN2,8,2,F$:FOR X=1 TO 320 
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5895 PRINT#2,TD%(X) :NEXT:R$=CHR$(13) 
5900 PRINT#2,T0,R$,C9,R$,BT,R$,DW,R$,M3,R$,SV,R$,D9, 
5910 PRINT#2,R$,AV,R$;CLOSE2;RETURN 
5920 GRAPHIC1,1:SCALE1,320,256 
5930 FOR X=1 TO 318:DRAW1,X,Q1-TD%(X) :NEXT 
5940 GETKEYA$ : SCALEO : GRAPHICO : GOTO 5840 
5950 REM 
5960 REM cardiac output calculations 
5970 REM 
5980 PRINTCS$CD$"what is the curve number"; 
5990 INPUTEN$:M=-.00456:IT=2 
6000 IF C9=0 THEN 6030 
6010 PRINT"are the constants ok y"CL$CL$CL$; 
6020 INPUTYN$IIF YN$="y" THEN 6130 
6030 PRINT"correction factor .747"CL$CL$CL$CL$CL$CL$; 
6040 INPUTC9 
6050 PRINT"initial blood temp 38.3"CL$CL$CL$CL$CL$CL$; 
6060 INPUTBT 
6070 PRINTCD$"volume of injectate 5"CL$CL$CL$;:INPUTD9 
6080 IT=2:REM input"temperature of injectate";it 
6090 REM input"enter standard curve slope (-.00456) "; 
6100 PRINT"dog weight (lbs) 50"CL$CL$CL$CL$;:INPUTWT 
6110 REM convert weight to surface area 
6120 DW=(WT/2.2) *.02493+.233;PF%=l 
6130 FAST:Xl=l:SP=1 :X=1 :EP=320 
6140 IF AV=0 THEN AV=8 
6150 REM 
6160 REM integration trapezoidal rule 
6170 REM 
6180 A0=0:FOR X=SP TO EP: A0=A0+TD%(X) -AV:NEXT 
6190 AO=AO-(TD%(SP)+TD%(EP)-2*AV)/2;AO=ABS(AO*M*TO) 
6200 REM 
6210 REM cardiac output in ml/min. 
6220 REM 
6230 C1=(C9*60*D9*(BT-IT))/A0 
6240 GRAPHICl,0:A$="q ="+STR$(FNR(Cl))+" ml" 
6250 CHAR1,20,2,A$ 
6260 PRINT;PRINT"cardiac output ="FNR(C1) "ml":PRINT 
6270 CI=Cl/DW:PRINT"cardiac index="FNR(CI) 
6280 A$="q index="+STR$(FNR(CI)):CHARl,20,3,A$ 
6285 IF DF%=1 THEN 6500 
6290 REM 
6300 REM average values for pressure channels 
6310 REM 
6320 FOR Z=0 TO 2:M9=0:FOR Xl=l TO Q3 STEP4 
6325 M9=M9+D%(Z,XI) :NEXT 
6330 D% ( Z, 0 ) =M9/ (Q3/4 ) : NEXT 
6340 MX=0:FORX=1T0400 STEP2:IF D%(0,X)>MX THEN MX=D%(0,X) 
6350 NEXT:M9=D%(0;0) :UW=.6*(MX-M9)+M9 
6360 REM 
6370 REM calculate heart rate 
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6380 REM 
6390 M2=0:CT=0:MX=0:Xl=2:Y2=Q3-3 
6400 FOR Xl=2 TO Y2 STEP5;IF D%(0,X1)>M9 THEN 6450 
6410 DO WHILE D% (0, XI) <UWANDX1<Y2 : Xl=Xl+3 : LOOP 
6420 DO WHILE D%(0,X1)>M2ANDX1<Y2 
6430 M2=D%(0,X1) : Xl=Xl+3 : LOOP: MX=X1 
6440 IF X1<Y2 THEN CT=CT+1 : MX (CT) =MX: M2=0 : Xl=Xl+3 0 
6450 NEXT:TF=Tl/60 
6460 M4=0:FOR X=1 TO CT-1:M4=M4+(MX(X+1)-MX(X) ) :NEXT 
6470 M4=M4/(CT-1) :M3=60/(M4*(TF/Q3)) 
6480 FOR Z=1 TO 2:BL=Z(Z):PC=CC(Z) 
6490 Y (Z) =FNR3 ( (FNPC(D% (Z, 0) ) /(Cl/60) ) ) :NEXT 
6500 PRINT"heart rate="FNR(M3) 
6510 SV=FNR2(Cl/M3):PRINT"stroke volume="SV 
6520 A$="heart rate="+STR$(FNR(M3)):CHARl,20,4,A$:SLOW 
6530 A$="stroke vol="+STR$(FNR(SV)) :CHAR1,20,5,A$:A$="" 
6540 A$="pulm res ="+STR$(FNR2(Y(l))):CHARl,20,6,A$:A$="" 
6550 A$="syst res ="+STR$(FNR2(Y(2))):CHARl,20,7,A$:A$="" 
6560 REM 
6570 REM print data on printer 
6580 REM 
6590 OPEN4,4;IF F2% THEN 6660 
6600 PRINT#4:PRINT#4,CHR$(14)"thennodilution",DA$;F2%=l 
6610 IF PF%=0 THEN 6630 
6620 PF%=0:PRINT#4,"teinp:";BT,"injectate vol"; 
6625 PRINT#4,D9,"weight:";WT 
6630 PRINT#4," cardiac cardiac stroke heart 
6640 PRINT#4,"vase....res time curve" 
6650 PRINT#4," output index volume rate 
6655 PRINT#4,"pulm system" 
6660 0PEN3,4,1:0PEN5,4,2 
6670 A$=" 9999 9999 999.99 999 9.999 9.999" 
6680 PRINT#5,A$:PRINT#3,FNR(C1) ;FNR(CI) ;SV;M3,Y(1) ,Y(2), 
6690 PRINT#4," "TI$;" ";EN$ 
6700 C0(1)=C0(1) + 1:C0(2)=C0(2)+C1:C0(3)=C0(3)+CI 
6710 CO(4)=CO(4)+SV 
6720 C0(5)=C0(S)+M3:C0(6)=C0(6)+Y(1):C0(7)=C0(7)+Y(2) 
6730 CL0SE4 : CLOSES : CLOSES : GETKE YA$ : GRAPHICO : GOTO 5830 
6740 REM 
6750 REM average cardiac output 
6760 REM 
6770 IF C0(l)=0 THEN 1220 
6780 FOR X=2 TO 7:C0(X) =C0(X)/C0(1) :NEXT 
6790 0PEN4,4:0PEN3,4,1:OPENS,4,2 
6800 A$=" 9999 9999 999.99 999 9.999 9.999" 
6810 PRINT# 5, A$: PRINT# 4 
6820 PRINT#3,FNR(CO(2)) ;FNR(C0(3)) ;C0(4) ;CO(S) ,C0(6) ,C0(7), 
6830 PRINT# 4," average" : CL0SE4 : CL0SE3 : CLOSES : GOTO 1220 
6840 REM 
6850 REM time routine 
6860 REM 
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6870 T$=TI$ 
6880 PRINT#4," time: "MID$(T$,1,2)":"MID$(T$,3,2)":"; 
6890 PRINT#4,MID$(T$,5,2)"date: "DA$; 
6900 IF Dl% THEN PRINT#4," disk file: "F$, 
6910 PRINT#4:RETURN 
6920 REM 
6930 REM Fastscreen. 
6940 REM Graphs a single channel on the screen. 
6950 REM Scan rate can be altered using cursor keys. 
6960 REM Pressing 'f will freeze the display. 
6970 REM Press 'c' to resume scanning. 
6980 REM Press space bar to quit. 
6990 REM 
7000 PRINTCS $ : INPUT"which channel (1-12) ";C:C=57088+C-1 
7010 GRAPHIC1,1:SCALE 1,320,256:A$="":DO WHILEA$="" 
7020 SCNCLR1:F0R X=1 TO 318:P0KEC,0% 
7030 DRAW 1,X,Q1-PEEK(C):NEXT:GETA$:LOOP 
7040 IF A$="f" THEN GETKEYA$;IF A$="c" THEN 7010 
7050 SCALEO : GRAPHICO : GOTO 1220 
7060 PRINTCD$CD$CD$; 
7070 PRINTCD$" "RN$" 1 "R0$" review data from disk":Dl%=0 
7080 PRINTCD$" "RN$" 2 "R0$" collect new data" 
7090 PRINTCD$" "RN$" 3 "R0$" return to menu":RETURN 
7100 REM 
7110 REM sub-menu routine 
7120 REM 
7130 PRINTCD$CD$" "RN$"s"RO$"ave on disk" 
7140 PRINT" "RN$"g"RO$"raph out":GOSUB 500 
7150 PRINT" "RN$"p"RO$"rocess data" 
7160 PRINT" "RN$"r"ROS"eturn to opening menu"CD$ 
7170 GOSUB 500:RETURN 
7180 REM 
7190 REM respiratory gas exchange. See Phil Baker's Thesis 
7200 REM for a complete listing. 
7210 REM 
7220 GOTO 1220 
7230 REM 
7240 REM headlines subroutine 
7250 REM 
7260 PRINTCS$ 
7270 LL=LEN(L$) :LT= (38-LL)/2:PRINTTAB(LT)"; 
7280 FOR X=1 TO LL: PRINT"*" ; : NEXT: PRINT"*" 
7290 PRINTTAB(LT) ;"*";L$;"*" 
7300 PRINTTAB (LT) ;"*";: FOR X=1 TO LL: PRINT"*"; 
7310 NEXT : PRINT"*"CD$ ; CD$ : RETURN 
7320 REM 
7330 REM error trapping 
7340 REM 
73 50 GRAPHICO:SLOW:PRINTRN$;ERR$(ER) ;EL 
7360 PLAY" V lo3 t8u8x0hdqdo4 Wf " : STOP 
7370 REM 
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7380 REM disk error detection 
7390 REM 
7400 IF DS062 THEN RETURN 
7410 PRINTRN$" disk error"RO$": file not found, type c" 
7420 PRINTTAB(13)"to continue"CU$ 
7430 GETKEYA$:GOSUB 520:IF A$<>"c" THEN 7430 
7440 PRINTCU$" " 
7450 PRINTTAB(13)" "CU$;CU$ 
7460 RETURN 
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APPENDIX B: BASIC PROGRAM SUBROUTINE 
100 rem Assembly language seumpling subroutine 
110 rem Sets up variables used in the machine language 
111 rem routine located at 1300-1399 (hexadecimal) 
112 rem 
113 rem channels to sample (ch-1) 
120 poke 4869,0:poke 4870,l:poke4871,2 
125 rem g(2) is the desired sampling frequency 
130 te=(le6/g(2))-150:hi=fnr(te/1400):lo=te-hi*1400 
140 iflo<0 then hi=hi-l:lo=255 
150 iflo>256thenlo=255 
155 rem lo and hi-byte for long delay 
160 poke4864,lo:poke4865,hi 
170 poke 4914,15:rem short delay 
175 rem g(0) is number of samples 
180 hi=int(q(0)/256):lo=»q(0)-hi*256 
185 rem lo and hi-byte for number of samples 
190 poke4866,lo:poke4867,hi 
200 poke4868,3:rem number of channels to be sampled 
205 return 
210 rem 
220 rem Sampling 
230 rem 
240 gosub 120:tl=ti:sys4886:t2=ti-tl 
250 rem t2 is number of jiffies (1/60 * sec) taken for 
255 rem sampling 
•01302 
01303 
01304 
01305 
01306 
01307 
01308 
01309 
0130A 
0130B 
0130C 
0130D 
0130E 
0130F 
01310 
01311 
01312 
01313 
01314 
01315 
01316 
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APPENDIX C: MACHINE LANGUAGE SUBROUTINE 
00 
00 
00 
00 
00 
00 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
EA 
AD 32 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
BRK 
NOP 
00 LDA $0032 
;Lo-byte delay loop 
;Hi-byte delay loop 
;Lo-byte number of samples 
;Hi-byte number of samples 
;number of channels to be 
;The next sixteen bytes are 
used to store the numbers of 
the channels which will be 
sampled. The basic array 
D%(x,y), which is used for 
data storage must be 
dimensioned so that x = the 
number of channels to be 
sampled - 1. D%(x,y) must 
also be the first array 
dimensioned in the BASIC 
program. 
Copy address of BASIC array 
D%(x,y) from the zero-page 
locations $31 and $32 (lo and 
Hi-bytes of the pointer: 
start of BASIC arrays) to 
zero page locations $FB and 
$FC. These two locations 
will be used with a bank-
switching kernal routine (at 
$02B9) for transferring data 
from the bank the data 
appears in (Bank 0) to the 
bank the array is stored in 
(Bank 1). The array header 
is 10 bytes long so the 
actual data loctions are 
0131C 
0131F 
01320 
01322 
01325 
01327 
0132A 
0132C 
0132F 
01331 
01333 
01336 
01339 
0133C 
0133E 
01341 
01342 
01344 
01347 
0134A 
0134C 
0134E 
01351 
01353 
01355 
01356 
01359 
0135A 
0135D 
0135F 
01362 
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offset 10 bytes from the 
array address. 
8D FC 00 STA $OOFC ; 
AD 31 00 LDA $0031 
18 CLC 
69 OA ADC #$0A 
8D FB 00 STA $00FB 
90 03 BCC $132A 
EE FC 00 INC $OOFC 
A9 FB LDA #$FB ;Set up the Indirect vector 
($02B9) for the kemal sub­
routine. 
8D B9 02 STA $02B9 
AO 00 LDY #$00 ;Clear the Y register. 
A2 10 LDX #$10 ;Load the X register with the 
short delay count (allows A 
to D to settle on a value. 
B9 05 13 LDA #1305,Y ;Load the accumulator with the 
number of the the A to D 
channel to sample. 
8D 3F 13 STA $133F ; 
8D 45 13 STA $1345 ; 
A9 00 LDA #$00 ;Clear the accumulator. 
8D 02 DF STA $DF02 /Storing a zero in the data 
location starts the A to D 
conversion. 
CA DEX ;Short delay (A to D settling time). 
DO FD BNE $1341 ; 
AD 02 DF LDA $DF02 ;Load the accumulator with the 
sampled data. 
BC FA 00 STY $OOFA /Temporarily store the Y 
register count. 
A2 01 LDX #$01 ;Load the X register with the 
bank number where the data is 
to be stored. 
AO 00 LDY #$00 ;Load the Y register with the 
index for the data to be 
stored. 
20 77 FF JSR $FF77 ;Write the data to the array 
D%(x,y) (both the lo and Hi 
bytes) using the kernal 
transfer routine. 
A9 00 LDA #$00 
A2 01 LDX #$01 
CB INY 
20 77 FF JSR $FF77 
18 CLC 
AD FB 00 LDA $00FB 
69 02 ADC #$02 
8D FB 00 LDA #00FB 
90 03 BCC $1367 
;Increment array address by 2. 
; 
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01364 
01367 
EE FC 00 
AC FA 00 
0136A C8 
0136B CC 04 13 CPY $1304 
013 6E FO 03 BEQ $1373 
01370 4C 31 13 JHP $1331 
01373 AD 02 13 LDA $1302 
INC $OOFC ; 
LDY $OOFA ; Return the temporarily stored 
count to the Y register. 
INY ; Increment the Y register then 
with the number of channels 
to be sampled. If all the 
channels have been sampled 
then branch to $01373 else 
jump back to $1331 to get 
another sample. 
; 
; 
the Hi-byte of the number of 
samples to take, if all the 
samples have been taken then 
branch to $1399 (to exit) 
else go on to the long delay 
loop. 
01376 DO 03 BNE $137B ; 
01378 CE 03 13 DEC $1303 
0137B CE 02 13 DEC $1302 
0137E A9 00 LDA #$00 
01380 CD 03 13 CMP $1303 
01383 DO OS BNE $138A 
01385 CD 02 13 CMP $1302 
01388 FO OF BEQ $1399 
0138A AE 00 13 LDX$1300 ;Load the X and Y registers with 
the Lo and Hi-byte values for 
the long delay (delay between 
sweeps of samples), 
0138D AC 01 13 LDY $1301 } 
01390 CA DEX ; 
01391 DO FD BNE $1390 ; 
01393 88 DEY ; 
01394 DO FA BNE $1390 f 
01396 4C 2F 13 JMP $1325 ;Go back to get another set of 
samples. 
01399 60 RTS ;Return to BASIC program. 
